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In bringing out the present work, the Author has been 
mainly guided by the recollection of his own difficulties 
as a student, and by the belief that he is supplying a 
distinct want. Many excellent and original works on 
Natural History are extant, but they mostly labour under 
disadvantages which more or less disqualify them as text- 
books for students. So vast, for instance, have been the 
additions to our Zoological knowledge within the last few 
years, that no work on Natural History, except the most 
recent ones, represents adequately the present state of the 
Science. Under this inevitable disqualification all the 
older Manuals labour. Other works, again, of the most 
profound research, are unsuitable for ordinary students 
from their bulk, cost, and, more than all, from their very 
profundity. 

The Author's aim, therefore, has simply been, to pre- 
sent to the ordinary student those leading facts in Natural 
History, the knowledge of which is essential, but which 
lie scattered through the pages of other larger and more 
costly works, inaccessible to those who merely desire to 
learn the outlines of the Science. In carrying out this 
object, it is unnecessary for the Author to remark that he 
does not lay any claim to originality. He trusts, ho^- 
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ever, that he has succeeded in laying before his readers, 
not a mere mass of undigested facts, but something like 
an orderly and systematic review of the main points 
required to be known by the student. The Author is 
conscious of many imperfections in his plan, and also in 
the execution of his plan. The subject, however, is so 
extensive and so constantly changing that he can reason- 
ably claim some indulgence, if the brief leisure-time of a 
busy life has not enabled him in every respect to keep 
abreast of the latest discoveries. Such defects as there 
may be, are, it is hoped, of such a nature as not to diminish 
the value of the work for ordinary students. 

Amongst the sources upon which the Author has mainly 
drawn, it is, perhaps, invidious to mention one more than 
another. He feels, however, bound to acknowledge with 
gratitude the very great assistance which he has derived 
from the various works of Professor Huxley. 

Edinbttboh : 

Nov, 2, 1869. 
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GENEKAL INTRODUCTION. 



1. Definition of Biology and Zoology. 

Natural History, strictly speaking, and as the term itself 
implies, should be employed to designate the study of all 
natural objects indiscriminately, whether these are organic 
or inorganic, endowed with life or exhibiting none of those 
incessant vicissitudes which collectively constitute vitality. 
So enormous, however, have been tiie conquests of science 
within the last century, that Natural History, using the 
term in its old sense, has of necessity been divided into 
several more or less nearly related branches. 

In the first place, the study of natural objects admits of 
an obvious separation into two primary sections, of which 
the first deals with the phenomena presented by the inor- 
ganic world, whilst the second is occupied with the investi- 
gation of the nature and relations of all bodies which exhibit 
life. The former department concerns the geologist and mi- 
neralogist, and secondarily the naturalist proper as well ; the 
latter department, treating as it does of living beings, is pro- 
perly designated by the term Biology (from jS/oc, life, and 
\oyoc, a discourse). Biology, in turn, may be split up into 
the sciences of Botany and Zoology, the former dealing with 
plants, the latter with animals ; and it is really Zoology alone 
which is now-a-days understood by the term Natural History. 

In determining, therefore, the limits and scope of Biology, 
we are brought at the very threshold of our inquiry to the 
question. What p,re the differences between inorganic and 
organic bodies ; or rather, in the first place, what are the cha- 
racteristics of an organised as compared with an unorganised 
body? 

2. Differences between Organised and 

Unorganised Bodies. 

In determining this somewhat difficult point, it will be best 
to examine the differences between organised and unorg|a.\L- 
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2 UASVAL OF ZOOLOGY. 

ised bodies seruUim, and to compare them together system- 
atically nnder the following heads : — 

a. Chemical composition, — Inorganic bodies are composed 
of many elements, which may be either simple or combined ; 
but the combinations are limited to a small number of ele- 
ments (forming binary and ternary compounds), and these 
are united in low combining proportions. Thus carbonate of 
lime, or common limestone, is an excellent example of an in- 
organic body,* being a ternary compound composed of one 
atom of the metal calcium, three of oxygen, and one of carbon. 

Organised bodies, on the other hand, are composed of few 
chemical elements, and these are almost always combined. 
Furthermore, the combinations are always complex (ternary 
and quaternary compounds), and the elements enter into union 
in high combining proportions. Finally, the combinations are 
invariably characterised by the presence of water, and are prone 
to spontaneous decomposition. Thus, the great organic com- 
pound, albumen, is composed of 144 atoms of carbon, 110 
of hydrogen, 18 of nitrogen, 2 atoms of sulphur, and 42 of 
oxygen. Iron, however, exists in the blood, very probably in 
its elemental condition, and copper has been detected in the 
liver of certain mammalia, and largely in the red colouring- 
matter of the feathers of certain birds. 

b. Arrangement of Parts. — Unorganised bodies are composed 
of an aggregation of homogeneous parts (when unmixed) which 
bear no definite and fixed relations to one another. 

Organised bodies are composed of heterogeneous parts, the 
relations of which amongst themselves are more or less definite. 

c. Form. — Unorganised bodies are either of no definite shape 
— when they are said to be * amorphous * — or they are crystal- 
line, in which case they are almost invariably bounded by 
plane surfaces and straight lines. Organised bodies are always 
more or less definite in shape, presenting convex and concave 
surfaces, and being bounded by curved lines. 

d. Mode of Increase. — When unorganised bodies increase in 
size, as crystals do, the increase is produced simply by what is 
called * accretion,* that is to say, by the addition of fresh 
particles from the outside. 

Organised bodies increase by what is often called the ' in- 
tussusception * of matter ; in other words, by the reception of 
matter into their interior and its assimilation there. To this 
process alone can the term * growth * be properly applied. 

e. Cyclical Change. — Inorganic bodies exhibit no actions that 

* In another sense limestone may be said to be organic, namely, when 
it has been produced by the operations of liying beings ; but this does not 
^ect the above definition. 
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are not purely physical or chemical, and they show no ten- 
dency to periodical vicissitudes. Organised bodies are pre- 
eminently dLstinguished by the tendency which they show to 
pass through spontaneous and cyclical changes. 

To sum up, all bodies which are composed of an aggrega- 
tion of diverse but definitely related parts, which have a defi- 
nite shape, bounded by curved lines and presenting concave 
and convex surfaces, which increase in size by the intussus- 
ception of foreign particles, and which pass through certain 
cyclical changes, are organised ; and it is with the study of 
bodies such as these that Bialogy is concerned. 

3. Nature of Life. 

We have next to determine— and the question is one of 
great difficulty — what connection exists between organisation 
and life. Is organisation, as we have defined it, essential to 
the manifestation of life, or can vital phenomena be exhibited 
by any body which is devoid of an organised structure ? In 
other words, is Hfe the ca^tse of organisation, or the result of 
it ? And first, what do we mean by life ? 

Life has been variouLsly defined by different writers. Bichat 
defines it as ' the sum total of the functions which resist death ; ' 
Treviranus, as ' the constant uniformity of phenomena with 
diversity of external influences ; * Duges, as ' the special acti- 
vity of organised bodies ; * and Beclard, as * organisation in 
action.' All these definitions, however, are more or less objec- 
tionable ; since the assumption underlies them aU that life is 
inseparably connected with organisation. In point of fact, no 
rigid definition of life appears to be at present possible, and it 
is best to regard it as being simply a tendency exhibited by 
certain forms of matter, under certain conditions, to pass 
through a series of changes in a more or less definite and 
determinate sequence. 

As regards tiie connection between life and organisation, 
it appears that whilst all organised bodies exhibit this ten- 
dency to change, and are therefore alive, all living beings are 
not necessarily organised. Many of the lowest forms of life 
(such as the Foraminifera amongst the Protozoa) fail to fulfil 
one of the most essential conditions of organisation, being de- 
void of definite parts or organs of any kind. Nevertheless, they 
are capable of manifesting all the essential phenomena of 
life; they are produced from bodies Uke themselves ; they eat, 
digest, and move, and exhibit distinct sensibility to many ex- 
ternal impressions. Furthermore, many of these little masses 
of stractoreless jelly possess the power of manufacturing for 
themselves, of lime, or of the stiU more intractable flint, 
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external shells of surpassing beauty and mathematical regu- 
larity. In the face of these facts, we are therefore compelled 
to come to the conclusion that life is truly the catcse and not 
the consequence of organisation ; or, in other words, that or- 
ganisation is not an intrinsic and indispensable condition of 
vital phenomena. 

Such an intrinsic and indispensable condition is, however, 
according to Huxley, to be found in the presence of a uniform 
* physical basis,' to which he has applied the name of * proto- 
plasm.' Without such a material substratum or medium 
upon which to work no one vital phenomenon can be ex- 
hibited. The necessary forces may be there, but in the ab- 
sence of this necessary vehicle there can be no outward and 
visible manifestation of their existence. Life, therefore, as 
we know it, and a^ far as we know ity may be said to be in- 
separably connected with protoplasm. 

As regards its nature, protoplasm, though capable of form- 
ing the most complex structures, does not necessarily exhibit 
anything which can be looked upon as organisation or dif- 
ferentiation into distinct parts ; and its chemical composi- 
tion is the only constant which can be certainly stated. It 
consists, namely, in all its forms, of the four elements, carbon, 
hydrogen, oxygen, and nitrogen, united into a proximate 
compound to which Mulder applied the name of ' proteine,' 
and which is very nearly identical with albumen or white-of- 
egg. It further appears probable that all forms of protoplasm 
can be made to contract by means of electricity, and ' are 
liable to undergo that peculiar coagulation at a temperature 
of 40°-50° centigrade, which has been called "heat-stiffening." ' 
(Huxley.) 

If we admit, then, with Huxley — and the admission re- 
quires some qualifications — that * protoplasm, simple or 
nucleated, is the formal basis of all life,' there, nevertheless, 
remain certain conditions equally indispensable to the external 
manifestation of vital phenomena; though life itself, or the 
power of exhibiting vite.1 phenomena, may be preserved for a 
longer or shorter period, even though these conditions be ab- 
sent. • These extrinsic conditions of vitality are firstly, a cer- 
tain temperature varying from near the freezing-point to 120® 
or 130° ; secondly, the presence of water, which enters largely 
into the composition of all living tissues ; thirdly, the presence 
of oxygen in a free state, this, like water, appearing to be a 
sine qua non of life, though certain fungi are stated to offer 
an exception to this statement. 

The non-fulfilment of any of these conditions for any length 
of time, as a rule, causes death, or the cessation of vitality ; but, 
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as before remarked, life may sometimes remain in a dormant 
or 'potential' condition for an apparently indefinite length of 
time. An excellent illustration of this is aiForded by the great 
tenacity of life, even under unfavourable conditions, exhibited 
by the ova of some animals and the seeds of many plants ; but 
a more striking example is to be found in the Rotifera, or Wheel- 
animalcules. These are minute, mostly microscopic creatures, 
which inhabit almost all our ponds and streams. Diminutive 
as they are, they are nevertheless, comparatively speaking, of 
a very high grade of organisation. They possess a mouth, 
masticatory organs, a stomach and alimentary canal, a dis- 
tinct and well-developed nervous system, a diiFerentiated re- 
productive apparatus, and. even organs of vision. Repeated 
experiments, however, have shown the remarkable fact, that, 
with their aquatic habits and complex organisation, the Roti- 
fers are capable of submiti^ing to an apparently indefinite de- 
privation of the necessary conditions of their existence, with- 
out thereby losing their vitality. They may be dried and 
reduced to dust, and may be kept in this state for a period of 
many years ; nevertheless, the addition of a little water will, 
at any time, restore them to their pristine vigour and activity. 
It follows, therefore, that an organism may be deprived of all 
power of manifesting any of the phenomena which constitute 
what we call life, without losing its hold upon the vital forces 
which belong to it. 

I£ in conclusion, it be asked whether the term * vital force ' 
is any longer permissible in the mouth of a scientific man, 
the question must, I think, be answered in the affirmative. 
Formerly, no doubt, the progress of science was retarded and 
its growth checked by a too exclusive reference of natural 
phenomena to a so-called vital force. Equally unquestionable 
is the fact that the development of Biological science has pro- 
gressed cotemporaneonsly with the successive victories gained 
by the physicists over the vitalists. Still, no physicist has 
liitherto succeeded in explaining any fundamental vital phe- 
nomenon upon purely physical and chemical principles. The 
simplest vital phenomenon has in it something over and above 
the merely chemical and physical forces which we can demon- 
strate in the laboratory. It is easy, for example, to say that 
the action of the gastric juice is a chemical one, and doubtless 
the discovery of this fact was a great step in physiological 
science. Nevertheless, in spite of the most searching inves- 
tigations, it is certain that digestion presents phenomena 
which are as yet inexplicable upon any chemical theory. This 
is exemplified in its most striking form, when we look at a 
ample organism like the Amoeba. This animalcule, i^hich i% 
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stmctDrally little more than a mobile lump of jelly, digests as 
perfectly — as far as the result to itself is concerned — as does 
•the most highly organised animal with the most complex di- 
gestive apparatus. It takes food into its interior, it digests 
it without the presence of a single organ for the purpose, and 
still more, it possesses that inexplicable selective power by 
which it assimilates out of its food such constituents as it 
needs whilst it rejects the remainder. In the present state of 
our knowledge, therefore, we must conclude that even in the 
process of digestion as exhibited in the Amoeba there is some- 
thing that is not merely physical or chemical. Similarly, any 
organism when just dead consists of the same protoplasm as 
before, in the same forms, and with the same arrangement ; 
but it has most unquestionably lost a something by which all its 
properties and actions were modified, and some of them were 
produced. What that something is, we do not know, and 
perhaps never shall know ; and it is possible, though highly 
improbable, that future discoveries may demonstrate that it 
is merely a subtle modification of some physical force. In 
the meanwhile, as all vital actions exhibit this mysterious 
something, it would appear unphilosophical to ignore its exist- 
ence altogether, and the term ' vital force ' may therefore be 
retained with advantage. In using this term, however, it 
must not be forgotten that we are simply employing a con- 
venient expression for an unknown quantity, for that residual 
portion of every vital action which cannot at present be re- 
ferred to the operation of any known physical force. 

4. Differences between Animals and Plants. 

We have now arrived at some definite notion of the essen- 
tial characters of living beings in general, and we have next 
to consider what are the characteristics of the two great divi- 
sions of the organic world. What are the characters which 
induce us to place any given organism in either the vegetable 
or the animal kingdom ? What, in fact, are the diflferences 
between animals and plants ? 

It is generally admitted that all bodies which exhibit vital 
phenomena are capable of being referred to one of the two 
great kingdoms of organic nature. At the same time it is 
often extremely difficult in individual cases to come to any 
decision as to the kingdom to which a given organism should 
be referred, and in many cases the determination is purely 
arbitrary. So strongly, in fact, has this difficulty been 
felt, that some observers have established an intermediate 
kingdom, a sort of no-man*s-land, for the reception of those 
debatable organisms which cannot be definitely and positively 
classed either amongst vegetables or amongst animals. 
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In the case of the higher animals and plants there is no 
difficulty ; the former being: at once distinguished by the 
possession of a nervous system, of motor power which can be 
voluntarily exercised, and of an internal cavity fitted for the 
reception and digestion of solid food. The higher plants, on 
the other hand, possess no nervous system or organs of sense, 
are incapable of independent locomotion, and are not provided 
with an internal digestive cavity, their food being wholly 
fluid or gaseous. These distinctions, however, do not hold 
good as regards the lower and less highly organised members of 
the two kingdoms, many animals having no nervous system or 
internal digestive cavity, whilst many plants possess the 
power of locomotion ; so that we are compelled to institute a 
closer comparison in the case of these lower forms of life. 

a. Form, — As regards external configuration, of all charac- 
ters the most obvious, it must be admitted that no absolute 
distinction can be laid down between plants and animals. 
Many of our ordinary zoophytes, such as the Hydroid Polypes, 
the sea-shrubs and corals — as, indeed, the name zoophyte 
implies — are so similar in external appearance to plants that 
they were long described as such. Amongst the Molluscoida, 
the common sea-mat (Flustra) is invariably regarded by sea- 
side visitors as a seaweed. Many of the Protozoa are equally 
like some of the lower plants (Protophyta) ; and even at the 
present day there are not wanting those who look upon the 
sponges as belonging to the vegetable kingdom. On the other 
hand, the embryonic forms, or * zoospores,' of certain un- 
doubted plants (such as the Protococcus nivalis, Yaucheria, 
&c.) are provided with ciliated processes with which they 
swim about, thus coming so closely to resemble some of the 
In^sorian animalcules as to have been referred to that divi- 
sion of the Protozoa. 

h. Internal Structure. — Here, again, no line of demarcation 
can be drawn between the animal and vegetable kingdoms. 
In this respect all plants and animals are fundamentally 
similar, being alike composed of molecular, cellular, and fibrous 
tissues. 

c. Ghemwal Gorn.position. — Plants, speaking generally, exhibit 
a preponderance of ternary compounds of carbon, hydrogen, 
and oxygen — such as starch, cellulose, and sugar — whilst 
nitrogenised compounds enter more largely into the composi- 
tion of animals. Still both kingdoms contain identical or 
representative compounds, though there may be a difference 
in the proportion of these to one another. Moreover, the 
most characteristic of all vegetable compounds, viz. cellulose, 
harS been detected in the outer covering of the sea-squirts, 
or Ascidian Molluscs ; and the so-called ' glycogen' which is 
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secreted by the liver of the Mammalia, is closely allied to, if 
not absolutely identical with, the hydrated starch of plants. 

d. Motor Power. — This, though broadly distinctive of 
animals, can by no means be said to be characteristic of them. 
Thus, many animals in their mature condition are permanently 
fixed or attached to some foreign object ; and the embryos of 
many plants are endowed with locomotive power by means of 
those vibratile, hair-like processes which are called * cilia,' 
and are so characteristic of many of the lower forms of 
animal life. Not only is this the case, but large numbers of 
the lower plants, such as the Diatoms and Desmids, exhibit 
throughout life an amount and kind of locomotive power 
which does not admit of being rigidly separated from the 
movements executed by animals, though the closest researches 
have hitherto failed to show the mechanism whereby these 
movements are brought about. 

e. Nature of the Food. — Whilst all the preceding points 
have failed to yield a means of invariably separating animals 
from plants, a distinction which holds good almost without 
exception is to be found in the nature of the food taken 
respectively by each, and in the results of the conversion of 
the same. The unsatisfactory feature, however, in this dis- 
tinction is this, that even if it could be shown to be, theoreti- 
cally, invariably true, it would nevertheless be practically 
impossible to apply it to the greater number of those minute 
organisms concerning which alone there can be any dispute. 

As a broad rule, all plants are endowed with the power of 
converting inorganic into organic matter. The food of plants 
consists of the inorganic compounds, carbonic acid, ammonia, 
and water, along with small quantities of certain mineral 
salts. From these, and from these only, plants are capable of 
elaborating the proteinaceous matter or protoplasm which 
constitutes the physical basis of life. To this general state- 
ment, however, an exception must seemingly be made in 
favour of certain fungi, which require organised compounds 
for their nourishment. 

On the other hand, no known animal possesses the power 
of converting inorganic compounds into organised matter, 
but all, mediately or immediately, are dependent in this re- 
spect upon plants. All animals, as far as is certainly known, 
require ready-made proteinaceous matter for the maintenance 
of existence, and this they can only obtain in the first instance 
from plants. Plants, therefore, are the great manufacturers 
in nature, animals are the great consamers. 

Just, however, as this law does not invariably hold good for 
plants, certain fungi being in this respect animals, so it is 
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not impossible that a limited exception to the universality of 
the law will be found in the case of animals also. Thus, in 
some recent investigations into the fauna of the sea at great 
depths, a singular organism, of an extremely low type, but 
occupying large areas of the sea-bottom, has been discovered, to 
which Professor Huxley has given the name of Bathybius. As 
vegetable life is extremely scanty, or is altogether wanting, 
in these abysses of the ocean, it has been conjectured that 
this organism is possibly endowed with the power — other- 
wise exclusively found in plants — of elaborating organic com- 
pounds out of inorganic materials, and in this way supplying 
food for the higher animals which surround it. The water of 
the ocean, however, at these enormous depths is richly 
charged with organic matter in solution, and this conjecture 
is thereby rendered doubtfal. 

Be this as it may, there remain to be noticed two distinc- 
tions, broadly though not universally applicable, which are 
due to the nature of the food required respectively by animals 
and plants. In the first place, the food of all plants consists 
partly of gaseous matter and partly of matter held in solution. 
They require, therefore, no special aperture for its admission, 
and no internal cavity for its reception. The food of almost 
aU animals consists of solid particles, and they are, therefore, 
usually provided with a mouth and a distinct digestive cavity. 
Some animals, however, such as the tape- worm and the Gre- 
garinsB, live entirely by imbibition of organic fluids through 
the general surface of the body, and many have neither a dis- 
tinct mouth nor stomach 

Secondly, plants decompose carbonic acid, retaining the 
carbon and setting free the oxygen, certain fdngi forming an 
exception to this law. The reaction of plants upon the at- 
mosphere is, therefore, characterised by the production of free 
oxygen. Animals, on the other hand, absorb oxygen and emit 
carbonic acid, so that their reaction upon the atmosphere is the 
reverse of that of plants, and is characterised by the produc- 
tion of carbonic acid. 

Finally, it is worthy of notice that it is in their lower and 
not in their higher developments that the two kingdoms of 
organic nature approach one another. No difficulty is ex- 
perienced in separating the higher animals from the higher 
plants, and for these universal laws can be laid down to which 
there is no exception. It might, not unnaturally, have been 
thought that the lowest classes of animals would exhibit most 
affinity to the highest plants, and that thus a gradual passage 
between the two kingdoms would be established. This is not 
the case, however. The lower animals are not allied to the 



10 MANUAL OP ZOOLOGY. 

higher plants, but to the lower, and it is in the very lowest 
members of the vegetable kingdom, or in the embryonic and 
immature forms of plants little higher in the scale, that we 
find such a decided animal gift as the power of independent 
locomotion. It is also in the less highly organised and less 
specialised forms of plants that we find the only departures 
from the great laws of vegetable life, the deviabion being in 
the direction of the laws of animal life. 

5. Morphology and Physiology. 

The next point which demands notice relates to the nature 
of the differences between one animal and another, and the 
question is one of the highest importance. Every animal — 
as every plant — may be regarded from two totally distinct, 
and, indeed, often apparently opposite, points of view. From 
the first point of view we have to look simply to the laws, 
form, and arrangement of the structures of the organism, in 
short to its external shape and internal structure. This con- 
stitutes the science of morphology (fjLop(i)ri, form, and \oyoc, dis' 
course). From the second, we have to study the vital actions 
performed by living beings and the functioiis discharged by 
the different parts of the organism. This constitutes the 
science of physiology. 

A third department of zoology is concerned with the rela- 
tions of the organism to the external conditions under which 
it is placed, constituting a division of the science to which 
the term ' distribution ' is applied. 

Morphology, again, not only treats of the structure of 
living beings in their fully developed condition (anatomy), 
but is also concerned with the changes through which every 
living being has to pass before it assumes its mature or adult 
characters (embryology or development). The term 'histology * 
is further employed to designate that branch of morphology 
which is specially occupied with the investigation of minute 
or microscopical tissues. 

Physiology treats of all the functions exercised by living 
bodies, or by the various definite, parts, or organs, of which 
most animals are composed. All these functions come under 
three heads : — 1. Functions of Nutrition, divisible into func- 
tions of absorption and metamorphosis, comprising those func- 
tions which are necessary for the growth and maintenance of 
the organism. 2. Functimis of Reproduction, whereby the per- 
petuation of the species is secured. 3. Functions of Correlation, 
comprising all those functions (such as sensation and volun- 
tary motion) by which the external world is brought into 
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relation with the organism, and the organism in turn reacts 
upon the external world. 

Of these three, the fiinctions of nutrition and reproduction 
are often collectivelj called the functious of organic or vege- 
tative life, as being common to animals and plants ; while the 
ftinctions of correlation are called the animal functions, as 
being more especially characteristic of, though not peculiar 
to, animals. 

6. Differences between different Animals. 

All the innumerable differences which subsist between dif- 
ferent animals may be classed under two heads, corresponding 
to the two aspects of every living being, morphological and 
physiological. One animal differs from another either Tnor- 
phologically, in the fundamental points of its structure, 
or physiologically, in the manner in which the vital func- 
tions of the organism are discharged. These constitute the 
only modes in which any one animal can differ from any 
other ; and they may be considered respectively under the 
heads of SpeciaHsation of Function and Morphological type. 

a. Specialisation of Functimi, — All animals alike, whatever 
their structure may be, perform the three great physiological 
functions; that is to say, they all nourish themselves, re- 
produce their like, and have certain relations with the ex- 
ternal world. They differ from one another physiologically 
in the manner in which these functions are performed. Indeed, 
it is only in the functions of correlation that it is possible 
that there should be any difference in the amount or perfection 
of the function performed by the organism, since nutrition and 
reproduction, as far as their results are concerned, are essentially 
the same in all animals. In the manner, however, in which 
the same results are brought about great differences are ob- 
servable in different animals. The nutrition of such a simple 
organism as the Amoeba is, indeed, performed perfectly, as far 
as the result to the animal itself is concerned — as perfectly as 
in the case of the highest animal — but it is performed with 
the simplest possible apparatus. It may, in fact, be said to be 
performed without any special apparatus, since any part of 
the surface of the body may be extemporised into a mouth, 
and there is no differentiated alimentary cavity. And not 
only is the nutritive apparatus of the simplest character, but 
the function itself is equally simple, and is entirely divested of 
those complexities and separations into secondary functions 
which characterise the process in the higher animals. It is 
the same, too, with the functions of reproduction and correla- 
tion ; but this point will be more clearly brought out, if we 
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examine the method in which one of the three primary func- 
tions is performed in two or three examples. Nutrition, as 
the simplest of the functions, will best answer the purpose. 

In the simpler Protozoa, such as the Amceba, the process of 
nutrition consists essentially in the reception of food, its di- 
gestion within the body, the excretion of effete or indigestible 
matter, and the distribution of the nutritive fluid through the 
body. The first three portions of this process are effected 
without any special organs for the purpose, and for the last 
there is simply a rudimentary contractile cavity. Respira- 
tion, if it can be said to exist at all as a distinct function, is 
simply effected by the general surface of the body. 

In a Coelenterate animal, such as the sea-anemone, the func- 
tion of nutrition has not advanced much in complexity, but 
the means for its performance are somewhat more specialised. 
Permanent organs of prehension (tentacles) are present, there 
is a distinct mouth, and there is a persistent internal cavity 
for the reception of the food ; but this is not shut off from the 
general cavity of the body, and there are no distinct circula- 
tory or respiratory organs. • 

In a Mollusc, such as the oyster, nutrition is a much more 
complicated process. There is a distinct mouth, and an ali- 
mentary canal which is shut off from the general cavity of the 
body, and is provided with a separate aperture for the excre- 
tion of effete and indigestible matters. Digestion is performed 
by a distinct stomach with accessory glands ; a special con- 
tractile cavity, or heart, is provided for the propulsion of the 
nutritive products of digestion through all parts of the 
organism, and the function of respiration is performed by 
complex organs specially adapted for the purpose. 

It is not necessary here to follow out this comparison 
further. In still higher animals the function of nutrition 
becomes still further broken up into secondary functions, for 
the due performance of which special organs are provided, the 
complexity of the organism thus necessarily increasing pcvH 
passu with the complexity of the function. This gradual sub- 
division and elaboration is carried out equally with the other 
two physiological functions, viz. reproduction and correlation, 
and it constitutes what is technically called the 'specialisa- 
tion of functions,* though it has been more happily termed by 
Milne-Edwards ' the prmciple of the physiological division of 
labour.' It is needless, however, to remark that in the higher 
animals it is the functions of correlation which become most 
highly specialised, disproportionately so, indeed, when com- 
pared with the development of the nutritive and reproductive 
functions. 
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5. Morphological Type. — The first point in which one 
animal may differ from another is the degree to which the 
principle of the physiological division of labour is carried. 
The second point in which one animal may differ from another 
is in its ' morphological type,' that is to say, in the funda- 
mental plan upon which it is constructed. By one not specially 
acquainted with the subject it might be readily imagined that 
each species or kind of animal was constructed upon a plan 
peculiar to itself and not shared by any other. This, how- 
ever, is fjBir from being the case ; and it is now universally re- 
cognised that all the varied species of animals — however great 
the apparent amount of diversity amongst them — may be 
arranged under no more than half-a-dozen primary morpho- 
logical types or plans of structure. Upon one or other of 
these five or six plans every known animal, whether living or 
extinct, is constructed. It follows from the limited number of 
primitive types or patterns, that great numbers of animals 
must agree with one another in their morphological type. It 
follows also that all so agreeing can differ from one another 
only in the sole remaining element of the question, namely 
by the amount of specialisation of function which they exhibit. 
Every animal, therefore, as Professor Huxley has well ex- 
pressed it, is the resultant of two tendencies, the one mor- 
phological, the other physiological. 

The six types or plans of structure, upon one or other of 
which all known animals have been constructed, are techni- 
cally called 'sub-kingdoms,' and are known by the names 
Protozoa, Coelenterate,, Annuloida, Annulosa, Mollusca, and 
Vertebrata. We have, then, to remember that every member 
of each of these primary divisions of the animal kingdom 
agrees with every other member of the same division in being 
formed upon a certain definite plan or type of structure, and 
differs from every other simply in the grade of its organisa- 
tion, or, in other words, in the degree to which it exhibits 
specialisation of function. 

Von Baeb's Law of Development. — As the study of living 
beings in their adult condition shows us that the differences 
between those which are constructed upon the same morpho- 
logical type depend upon the degree to which specialisation 
of fiinction is carried, so the study of development teaches 
ns that the changes undergone by any animal in passing from 
the embryonic to the mature condition are due to the same 
cause. All the members of any given sub-kingdom, when ex- 
amined in their earliest embryonic condition, are found to pre- 
sent the same fandamental characters. As development pro- 
ceeds, however, they diverge from one another with greater 



14 MANUAL OP ZOOLOGY. 

or less rapidity, until the adults ultimately become more or 
less different, the range of possible modification being ap- 
parently almost illimitable. The differences are due to the 
different degrees of specialisation of function necessary to 
perfect the adult, and, therefore, as Von Baer put it, the pro* 
gress of development is frovi the general to the special. 

It is upon a misconception of the true import of this law 
that the theory arose, that every animal in its development 
passed through a series of stages in which it resembles, in 
turn, the different inferior members of the animal scale. 
With regard to man, standing at the top of the whole animal 
kingdom, this theory has been expressed as follows : — * Human 
organogenesis is a transitory comparative anatomy, as, in its 
turn, comparative anatomy is a fixed -and permanent state of 
the organogenesis of man.' — (Serres.) In other words, the 
embryo of a vertebrate animal was believed to pass through a 
series of changes corresponding respectively to the permanent 
types of the lower sub-kingdoms — namely, the Protozoa, Cce- 
lenterata, Annuloida, Annulosa, and Mollusca — before finally 
assuming the true vertebrate characters. Such, however, is 
not truly the case. The ovum of every animal is from the 
first impressed with the power of developing in one direction 
only, and very early exhibits the fundamental characters 
proper to its sub-kingdom, never presenting the structural 
peculiarities belonging to any other morphological type. Never- 
theless, the differences which subsist between the members of 
each sub-kingdom in their adult condition are truly referable 
to the degree to which development proceeds, the place of 
each individual in his own sub-kingdom being regulated by the 
stage at which development is arrested. Thus, many cases 
are known in which the younger stages of a given animal 
represent the permanent adult condition of an animal some- 
what lower in the scale. To give a single example, the young 
Grasteropod (amongst the Mollusca) transiently presents all the 
essential characters which permanently distinguish the adult 
Pteropod. The development of the Grasteropod, however, pro- 
ceeds beyond this point, and the adult is much more highly 
specialised than is the adult Pteropod. 

7. Homology, Analogy, and Homomorphism. 

When organs in different animals agree with one another in 
fundamental siruotwre^ they are said to be ' homologous ;* 
when they perform the same fanctions tbey are said to be 
* analogous.' Thus the wing of a bird and the arm of a man 
are constructed upon the same ftindamental plan, and they 
are, therefore, homologous organs. They are not analogous, 
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however, since they do not perform the same function, the 
one being adapted for aerial locomotion, the other being an 
organ of prehension. On the other hand, the wings of a bird 
and the wings of an insect both serve for flight, and they are, 
therefore, analogous, since they perform the same function. 
They are not homologous, however, as they are constructed 
upon wholly dissimilar plans. There are numerous cases, 
however, in which organs correspond with one another both 
structurally and functionally, in which case they are both 
homologous and analogous. 

A form of homology is often seen in a single animal in which 
there exists a succession of parts which are fundamentally 
identical in structure, but are variously modified to fulfil dif- 
ferent functions. Thus a Crustacean — such as the lobster — 
may be looked upon as being composed of a succession of 
rings, each of which bears a pair of appendages, these appen- 
dages being constructed upon the same type, and being, there- 
fore, homologous. They are, however, vanously modified in 
different regions of the body to enable them to fulfil special 
functions, some being adapted for swimming, others for walk- 
ing, others for prehension, others for mastication, and so on. 
This succession of fundamentally similar parts in the same 
animal constitutes what is known as serial homology. When, 
however, the successive parts are similar to one another, both 
in structure and in function, the case becomes rather one of 
what is called ' vegetative ' or * irrelative repetition.' An 
excellent instance of this is seen in the common Millipede 
(lulus). 

Homomorpldsm. — ^Many examples occur, both among animals 
and among plants, in which families widely removed from one 
another as to their fundamental structure, nevertheless pre- 
sent a singular, and sometimes extremely close, resemblance 
in their external characters. Thus the composite Hydroid 
Polypes and the Polyzoa are singularly like one another; 
so much so, that they have often been classed together, 
whereas, in reality, they belong to different sub-kingdoms. 
Many other cases of this ' mimetic ' resemblance of different 
animals might be adduced, and in many cases these * repre- 
sentative forms ' appear to be able to fill each others* places 
in the general economy of nature. This is so far true, at any 
rate, that ' homomorphous ' forms are generally found in dif- 
ferent parts of the earth's surface. Thus, the place of the 
Cacti of South America is taken by the EuphorbisB of Africa ; 
or, to take a zoological illustration, many of the different orders 
of Mammalia are represented in the single order Marsupialia 
in Australia, in which country this order has almost alone to 
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discharge the functions elsewhere performed by several orders. 
Many mimetic forms, however, live peacefully side by side, 
and it is difficult to say whether in this case the resemblance 
between them is for the advantage or for the disadvantage of 
either. 

8. Correlation of Growth. 

This term is employed by zoologists to express the empi- 
rical law that certain structures, not necessarily or usually 
connected together by any visible link, invariably occur in 
association with one another, and never occur apart, so far, at 
any rate, as human observation goes. 

Thus, all animals which possess two condyles on the occi- 
pital bone, and possess non-nucleated red blood-corpuscles, 
suckle their young. Why an animal with only one condyle 
on its occipital bone should not suckle its young we do not 
know, and perhaps we shall at some future time find mam- 
mary glands associated with a single occipital condyle. Again, 
the feet are cleft in all animals which ruminate, but not in 
any other. In other cases the correlation is even more appa- 
rently lawless, and is even amusing. Thus all, or almost all, 
cats which are entirely white and have blue eyes, are at the 
same time deaf. With regard to these and similar gene- 
ralisations we must, however, bear in mind the following 
three points : — 

1. The various parts of the organisation of any animal are 
so closely interconnected, and so mutually dependent upon 
one another, both in their growth and development, that the 
characters of each must be in some relation to the characters 
of all the rest, whether this be obviously the case or not. 

2. It is rarely possible to assign any reason for correlations 
of structure, though they are certainly in no case accidental. 

3. The law is a purely empirical one, and expresses nothing 
more than the result of experience ; so that structures which 
we now only know as occurring in association, may ultimately 
be found dissociated, ^and conjoined with other structures of 
a different character. 

9. Classification. 

Classification is the arrangement of a number of diverse 
objects into larger or smaller groups, according as they ex- 
hibit more or less likeness to one another. The excellence of 
any given classification will depend upon the nature of the 
points which are taken as determining the resemblance. Sys- 
tems of classification, in which the groups are founded upon 
mere external and superficial points of similarity, though 
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often nsefal in tlie earlier stages of science, are always found 
in tlie long run to be inaccurate. It is needless, in fact, to 
point out that many living beings, the structure of which is 
fundamentally different, may, nevertheless, present such an 
amount of adaptive external resemblance to one another, that 
they would be grouped together in any ' artificial ' classifica- 
tion. Thus, to take a single example, the whale, by its ex- 
ternal characters, would certainly be grouped amongst the 
fishes, though widely removed from them in all the essential 
points of its structure. * Natural ' systems of classification, 
on the other hand, endeavour to arrange animals into divi- 
sions founded upon a due consideration of all the essential 
and Amdamental points of structure, wholly irrespective of 
external similarity of form and habits. Philosophical classifi- 
cation depends upon a due appreciation of what constitute 
the true points of difierence and likeness amongst animals ; 
and we have already seen that these are morphological 
type and specialisation of function. Philosophical classifi- 
cation, therefore, is a formal expression of the facts and laws 
of Morphology and Physiology. It follows that the more fully 
the progranmie of a philosophical and strictly natural classi- 
fication can be carried out, the more completely does it aflbrd 
a condensed exposition of the fundamental construction of the 
objects classified. Thus, if the whale were placed by an arti- 
ficial grouping amongst the fishes, this would simply express 
the facts that its habits are aquatic and its body fish-like. 
Wben, on the contrary, we obtain a natural classification, and 
we learn that the whale is placed amongst the Mammalia, we 
then know at once that the young whale is bom in a compa- 
ratively helpless condition, and that its mother is provided 
with special mammary glands for its support ; this expressing 
a fdndAmental distinction from all fishes, and being associated 
with other equally essential correlations of structure. 

The entire animal kingdom is primarily divided into some 
half-a-dozen great plans of structure, the divisions thus formed 
being called * sub-kingdoms.' The sub-kingdoms are, in turn, 
broken up into classes, classes into orders, orders into fami- 
lies, families into genera, and genera into species. We shall 
examine these successively, commencing with the considera- 
tion of a species, since this is the zoological unit of which the 
larger divisions are made up. 

Species, — No term is more difficult to define than * species,' 
and on no point are zoologists more divided than as to what 
should be understood by this word. Naturalists, in fact, are 
not yet agreed as to whether the term species expresses a 
real and permanent distinction, or whether it is to be re- 

YOL. I. C 
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garded merely as a convenient, but not immutable, abstrac- 
tion, the employment of which is necessitated by the require- 
ments of classification. 

By Buffon, ' species * is defined as * a constant succession of 
individuals* similar to and capable of reproducing each other.* 

De Candolle defines species as an assemblage of all those 
individuals which resemble each other more than they do 
others, and are able to reproduce their like, doing so by the 
generative process, and in such a manner that they may be 
supposed by analogy to have all descended from a single being 
or a single pair. 

M. de Quatrefages defines species as *an assemblage of 
individuals, more or less resembling one another, which are de- 
scended, or may be regarded as being descended, from a single 
primitive pair by an uninterrupted succession of families.' 

Muller defines species as * a living form, represented by in- 
dividual beings, which reappears in the product of genera- 
tion with certain invariable characters, and is constantly 
reproduced by the generative act of similar individuals.' 

According to Woodward, * all the specimens, or individuals, 
which are so much alike that we may reasonably believe them 
to have descended from a common stock, constitute a species,* 

From the above definitions it will be at once evident that 
there are two leading ideas in the minds of zoologists when 
they employ the term species ; one of these being a certain 
amount of resemblance between individuals, and the other 
being the proof that the individuals so resembling each other 
have descended from a single pair, or from pairs exactly simi- 
lar to one another. The characters in which individuals must 
resemble one another in order to entitle them to be grouped 
in a separate species, according to Agassiz, *are only those 
determining size, proportion, colour, habits, and relations to 
surrounding circumstances and external objects.' 

On a closer examination, however, it will be found that 
these two leading ideas in the definition of species — external 
resemblance and community of descent — are both defective, 
and liable to break down if rigidly applied. Thus, there are 
in nature no assemblages of plants or animals, usually 
grouped together into a single species, the individuals of which 
exactly resemble one another in every point. Every na- 
turalist is compelled to admit that the individuals which com- 
pose any so-called species, whether of plants or animals, differ 
from one another to a greater or less extent, and in respects 
which may be regarded as more or less important. The exist- 

* In using the term * individual,' it must be borne in mind that the ' zoo- 
logica] individual' is meant; that is to say, the total result of the develop- 
meut of a single ovum, as will be hereafter explained at greater length. 
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ence of sucli individual differences is attested by the univer- 
sal employinent of the terms * varieties ' and * races.' Thus a 

* variety ' comprises all those individuals which possess some 
distinctive peculiarity in common, but do not differ in other 
respects from another set of individuals sufficiently to entitle 
them to take rank as a separate species. A ' race/ again, is 
simply a permanent or ' perpetuated ' variety. The question, 
however, is this — How far may these differences amongst in- 
dividuals obtain without necessitating their being placed in a 
separate species ? In other words : How great is the amount 
of individual difference which is to be considered as merely 

* varietal,^ and at what exact point do these differences become 
of ' specific ' value ? To this question no answer can be given ; 
since it depends entirely upon the weight which different 
naturalists would attach to any given individual difference.* 
Distinctions which appear to one observer as sufficiently 
great to entitle the individuals possessing them to be grouped 
as a distinct species, by another are looked upon as simply of 
varietal value ; and, in the nature of the case, it seems impos- 
sible to lay down any definite rules. To such an extent do 
individual differences sometimes exist in particular genera — 
termed * protean ' or ' polymorphic * genera — that the deter- 
mination of the different species and varieties becomes an 
almost hopeless task. 

Besides the individual differences which ordinarily occur 
in all species, other cases occur in which a species consists 
normally and regularly of two or even three distinct forms, 
which cannot be said to be mere varieties, since no inter- 
mediate forms can be discovered. When two such distinct 
forms exist the species is said to be * dimorphic,* and when 
three are present it is called * trimorphic' Thus in dimorphic 
plants a single species is composed of two distinct forms, 
similar to one another in all respects except in their reproduc- 
tive organs, the one form having a long pistil and short 
stamens, the other, a short pistil with long stamens. In tri- 
morphic plants, the species is composed of three such distinct 
forms, which differ in like manner in the conformation of their 
reproductive organs, though they are otherwise undistinguish- 
able. — (Darwin.) Similar cases are known in animals, but in 
them the differences, though apparently connected with repro- 
duction, are not confined to the reproductive organs. Thus 
the females of certain butterflies normally appear under two or 

* As an example of this, it is sufficient to allude to the fact that hardly 
any two botanists agree as to the number of species of Willows and Bram- 
bles in the British Isles. What one observer classes as mere varieties, 
anothfir regards as good and distinct species. 

c2 
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tliree entirely different forms, not connected by any intermer 
diate links, and the same thing occurs in some of the Crustacea. 

As regards, therefore, the first point in the definition of 
species, namely the external resemblance of assemblages of 
individuals, we are forced to conclude that no two individuals 
are exactly alike ; and that the amount and kind of external 
resemblance which constitutes a species is not a precise and 
invariable quantity, but depends upon the value attached to 
particular characters by any given observer. 

The second point in the definition of species, namely com^ 
munity of descent, is hardly in a more satisfactory condition, 
since the descent of any given series of individuals from a single 
pair, or from pairs exactly similar to one another, is at best 
bilt a probability, and is in no case capable of proof. In the^ 
case of the higher animals it can doubtless be shown that 
certain assemblages of individuals possess amongst themselves 
the power of fecundation and of producing fertile progeny, 
and that this power does not extend to the fecundation of in^ 
dividual s belonging to another different assemblage. Among^^^ 
the higher animals * crosses ' or ' hybrids * can only be pro- 
duced between closely allied species, and, when produced, 
they are sterile, and are not capable of reproducing their like. 
In these cases, therefore, we may take this as a most satis- 
factory element in the definition of * species.' The sterility, 
however, of hybrids is not universal, even amongst the higher 
animals ; and amongst plants no doubt can be entertained but 
that the individuals of species universally admitted to be distinct 
are capable of mutual fertilisation ; the hybrid progeny thus 
produced being likewise fertile and capable of reproducing 
similar individuals. That this fertility is often irregular, and 
may be destroyed in a few generations, admits of explanation, 
and hardly alters the significance of these undoubted facts. 

Upon the whole, then, it seems in the meanwhile safest to 
adopt a definition of species which implies no theory, and 
does not include the belief that the term necessarily expresses 
a fixed and permanent quantity. Species, therefore, may be 
defined as an dssemblage of indivicl/uals which resemble each other 
in their essential characters, are able, directly or indirectly, topro^. 
duce fertile individuals, and which do twt (as far as hn/man o6- 
servation goes) give rise to i/ridividuals which va/ryfrom the general 
type through more than certain definite limits. The production 
of occasional monstrosities does not, of course, invalidate this 
definition. 

Gemts is a term applied to groups of species which possess 
a community of essential details of structure. A genus may 
include a single species only, in cases where the combination 
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of characters which make up the species are so peculiar that 
no other species exhibits similar structnral characters; or, on 
the other hand, it may contain many hundreds of species. 

Families are groups of genera which agree in their general 
characters. According to Agassiz, they are divisions founded 
upon peculiarities of * form as determined by structure.' 

Orders are groups of families related to one another by 
structural characters common to all. 

Glasses are larger divisions, comprising animals which 
are formed upon the same fandamental plan of structure, 
but differ in the method in which the plan is executed. — 
(Agassiz.) 

Suh-hvtigdorm are the primary divisions of the animal king- 
dom, which include all those animals which are formed upon 
the same structural or morphological type, irrespective of the 
degree to which specialisation of function may be carried. 

Impossibility of a Lmear Classification. — It has sometimes been 
thought that the animal kingdom can be arraoged in a linear 
series, every member of the series being higher in point of 
organisation than the one below it. As we have seen, however, 
the statics of any given animal depends upon two conditions — 
one its morphological type, the other the degree to which spe- 
cialisation of fanction is carried. Now, if we take two animals, 
one of which belongs to a lower morphological type than the 
other, no degree of specialisation of fanction, however great, 
will place the former above the latter, as far as its type of stnic- 
hre is concerned, though it may make the former a more 
highly organised animal. Every vertebrate animal, for ex- 
ample, belongs to a higher morphological type than every Mol- 
hsc; but the higher Molluscs, such as cuttle-fishes, are much 
more highly organised, as far as their type is concerned, than 
are the lowest vertebrata. In a linear classification, therefore, 
the cuttle-fishes should be placed above the lowest fishes- 
Bach as the lancelet — in spite of the fact that the type upon 
which the latter are constructed is by far the highest of the 
two. 

It is obvious, therefore, that a linear classification is not pos- 
nble, since the higher members of each sub-kingdom are more 
highly organised than the lower forms of the next sub- king- 
dom in the series, at the same time that they are constructed 
upon a lower morphological type. 

10. Reproduction. 

Beproduction is the process whereby new individuals are 
generated and the perpetuation of the species insured. The 
methods in which this end may be attained exhibit a good 
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deal of diversity, but they may be all considered under two 
heads. 

I. Sexual Beprnduction, — This consists essentially in the pro- 
duction of two distinct elements, a germ- cell or ovum, and a 
sperm-cell or spermatozoid, by the contact of which the ovum 
— now said to be * fecundated * — is enabled to develop itself 
into a new individual. As a rule, the germ-cell is produced by 
one individual (female) and the spermatic element by another 
(male) ; in which case the sexes are said to be distinct, and 
the species is said to be * dioecious.* In other cases the same 
individual has the power of producing both the essential ele- 
ments of reproduction ; in which case the sexes are said to be 
united, and the individual is said to be ' hennaphrodite,' * an- 
drogynous,' or * monoecious.' In the case of hermaphrodite 
animals, however, self- fecundation — contrary to what might 
have been expected — rarely constitutes the reproductive pro- 
cess ; and as a rule the reciprocal union of two such individuals 
is necessary for the production of young. Even amongst 
hermaphrodite plants, where self- fecundation may, and cer- 
tainly does, occur, provisions seem to exist by which perpetual 
self-fertilisation is prevented, and the influence of another in- 
dividual secured at intervals. Amongst the higher animals 
sexual reproduction is the only process, whereby new indivi- 
duals can be generated. 

II. Kon-sexftal lieproduction. — Amongst the lower animals 
fresh beings may be produced without the contact of an ovum 
and a spermatozoid, that is to say without any true generative 
act. The processes by which this is effected vary in different 
animals, and are all spoken of as forms of * asexual' or * agamic' 
reproduction. As we shall see, however, the true * individual' 
is very rarely produced otherwise than sexually, and most 
forms of agamic reproduction are really modifications of 
growth. 

a. Gemmation and Fission. — Gemmation, or budding, con- 
sists in the production of a bud, or buds, generally from the 
exterior, but sometimes from the interior, of the body of an 
animal, which buds are developed into independent beings, 
which may or may not remain permanently attached to the 
parent organism. Fission differs from gemmation solely in 
the fact that the new structures in the former case are pro- 
duced by a division of the body of the original organism into 
separate parts, which may remain in connection, or may under- 
go detachment. 

The simplest form of gemmation, perhaps, is seen in the 
power possessed by certain animals of reproducing parts of 
their bodies which they may have lost. Thus, the Crustacea 
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possess tlae power of reproducing a lost limb, by means of a 
bad whicb. is gradually developed, till it assumes the form and 
takes tbe place of the missing member. In these cases, how- 
ever, the process is not in any way generative, and the pro- 
duct of gemmation can in no sense be spoken of as a distinct 
being (or zooid). 

Another form of gemmation may be exemplified by what 
takes place in the Foraminifera, one of the classes of the Pro- 
tozoa. The primitive form of a Foraminifer is simply a little 
sphere of sarcode, which has the power of secreting from its 
outer surface a calcareous envelope ; and this condition may be 
permanently retained (as in Lagena). In other cases a process 
of budding or gemmation takes place, and the primitive mass 
of sarcode produces from itself, on one side, a second mass 
exactly similar to the first, which does not detach itself from its 
parent, but remains permanently connected with it. This se- 
cond mass repeats the process of gemmation as before, and this 
goes on — all the segments remaining attached to one another 
— ^nntil a body is produced, Avhich consists of a number of little 
spheres of sarcode, in organic connection with one another, 
and surrounded by a shell, often of the most complicated de- 
scription. In this case, however, the buds produced by the 
primitive spherule are not only not detached, but they can only 
remotely be regarded as independent beings. They are, in all 
respects, identical with the primordial segment, and it is rather 
a case of * vegetative ' repetition of similar parts. 

Another form of gemmation is exhibited in such an organism 
as the common sea-mat (Flustra), which is a composite 
organism composed of a multitude of similar beings, each of 
which inhabits a little chamber, or cell ; the whole forming a 
structure not unlike a sea- weed in appearance. This colony is 
produced by gemmation from a single primitive being (* poly- 
pide '), which throws out buds, each of which repeats the pro- 
cess, apparently almopt indefinitely. All the buds remain in 
contact and connected with one another, but each is, neverthe- 
less, a distinct and independent being, capable of performing 
all the functions of life. In this case, therefore, each one of 
the innumerable buds becomes an independent being similar 
to, though not detached from, the organism which gave it 
hirth. This is an instance of what is called * continuous gem- 
loation.' 

In other cases — as in the common fresh- water polype or 
Hydra — the buds which are thrown out by the primitive or- 
ganism become developed into creatures exactly resembling 
^ parent, but, instead of remaining permanently attached, 
*nd thus giving rise to a compound organism, they are de- 
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tached to lead an entirely independent existence. This is a 
simple instance of what is termed * discontinuous gemma- 
tion.' 

The method and results of fission may be regarded as essen- 
tially the same as in the case of gemmation. The products of 
the division of the body of the primitive organism may either 
remain undetached, when they will give rise to a composite 
structure (as in many corals), or they may be thrown off and 
live an independent existence (as in some of the Hydrozoa). 

We are now in a position to understand what is meant, 
strictly speaking, by the term * individual.' In zoological lan- 
guage, an individual is defined as ' egv^al to the total result of the 
development of a single ovum.'' Amongst the higher animals 
there is no difficulty about this, for each ovum gives rise to no 
more than one single being, which is incapable of repeating it- 
self in any other way than by the production of another ovum ; 
so that an individual is a single animal. It is most impor- 
tant, however, to comprehend that this is not necessarily or • 
always the case. In such an organism as the sea-mat, the 
ovum gives rise to a primitive polypide which repeats itself by 
a process of continuous gemmation, until an entire colony is 
produced, each member of which is independent of its fellows, 
and is capable of producing ova. In such a case, therefore, 
the term * individual ' must be applied to the entire colony, 
since this is the result of the development of a single ovum. 
The separate beings which compose the colony are technically 
called ' zooids.' In like manner, the Hydra which produces 
fresh and independent Hydras by discontinuous gemmation, is 
not an * individual,' but is a zooid. Here the zooids are not 
permanently united to one another, and the * individual ' Hydra 
consists really of the primitive Hydra, flus all the detached Hy- 
dras to which it gave rise. In this case, therefore, the * indi- 
vidual ' is composed of a number of disconnected and wholly 
independent beings, all of which are the result of the develop- 
ment of a single ovum. It is to be remembered that both the 
parent zooid and the ' produced zooids * are capable of giving 
rise to fresh Hydrse by a true generative process. It must 
also be borne in mind that this production of fresh zooids by a 
process of gemmation is not so essentially difierdnt to the true 
sexual process of reproduction as might at first sight appear, 
since the ovum itself may be regarded merely as a highly spe- 
cialised bud. In the Hydra, in fact, where the ovum is pro- 
duced as an external process of the wall of the body, this like- 
ness is extremely striking. The ovarian bud, however, differs 
from the true gemmes or buds in its inability to develop itself 
into an independent organism, unless previously brought into 
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contact with another special generative element. The onlj 
exceptions to this statement are in the rare cases of true * par- 
thenogenesis,' to be subsequently alluded to. 

h. Reproduction by Internal Oemmatiori. — Before considering 
the phenomena of ' alternate generations,' it will be as well to 
glance for a moment at a peculiar form of gemmation exhi- 
bited by some of the Polyzoa, which is in some respects inter- 
mediate between ordinary discontinuous gemmation and 
alternation of generations. These organisms are nearly allied 
to the sea-mat, already spoken of, and, like it, can reproduce 
themselves by continuous gemmation (forming colonies), by a 
true sexual process, and rarely by fission. In addition to all 
these methods they can reproduce themselves by the formation 
of peculiar internal buds, which are called ' stato- blasts.' These 
bnds are developed upon a peculiar cord, which crosses the 
body-cavity, and is attached at one end to the fundus of the 
stomach. When mature they drop off from this cord, and lie 
loose in the cavity of the body, whence they are liberated on 
the death of the parent organism. When thus liberated, the 
stato-blast, after a longer or shorter period, ruptures and gives 
exit to a young Polyzoon, which has essentially the same 
structure as the adult. It is, however, simple, and has to 
Tindergo a process of continuous gemmation, before it can 
assume the compound form proper to the adult. 

As regards the nature of these singular bodies, * the in- 
Tariable absence of germinal vesicle and germinal spot, and 
their never exhibiting the phenomena of yelk- cleavage, inde- 
pendently of the conclusive fact that true ova and ovary occur 
elsewhere in the same individual, are quite decisive against 
their being eggs. We must then look upon them as gemmce 
peculiarly encysted, and destined to remain for a period in a 
quiescent or pupa-Hke state.' — (Allman.) 

c. Alternation of Generations. — In the case of the Hydra and 
the sea-mat, which we have considered above, fresh zooids 
are produced by a primordial organism by gemmation ; the 
beings thus produced (as well as the parent) being capable 
not only of repeating the gemmiparous process, but also of 
producing new individuals by a true generative act. We 
have now to consider a much more complex series of pheno- 
mena, in which the organism which is developed from the 
primitive ovum produces by gemmation two sets of zooids, one 
of which is destitute of sexual organs, and is capable of per- 
forming no other function than that of nutrition, whilst the 
other is provided with reproductive organs, and is destined 
for the perpetuation of the species. In the former case the 
produced zooids aU resembled each other, and the parent 
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organism whicli gave rise to them ; in the latter case, the 
produced zooids are often utterly unlike each other and unlike 
the parent, since their functions are entirely different. 

The simplest form of the process is seen in certain of the 
Hydroid Polypes, such as Carapannlaria. The ovum of Cam- 
panularia is a free-swimming ciliated body, which, after a 
short locomotive existence, attaches itself to some submarine 
object, develops a mouth and tentacles, and commences to pro- 
duce zooids like itself by a process of continuous gemmation. 
These remain permanently attached to one another, with the 
result that a compound organism is produced, consisting of a 
numberof zooids, or *polypites,' organically connected together, 
but enjoying an independent existence. None of the zooids, 
however, are provided with sexual organs ; and though there 
is theoretically no limit to the size which the colony may 
reach by gemmation, its buds are not detached, and the 
species would, therefore, die out, unless some special provision 
were made for its preservation. Besides these nutritive 
zooids, however, other buds are produced which differ con- 
siderably in appearance from the former, and which have the 
power of generating the essential elements of reproduction. 
These generative zooids derive their nourishment from the 
materials collected by the nutritive zooids, but only live until 
the ova are matured in their interior and liberated, when they 
disappear. The ova thus produced become free-swimming 
ciliated bodies, such as the one with which the cycle began. 

In this case, therefore, the ' individual' Campanularia con- 
sists of a series of nutritive zooids, collectively called the 
* trophosome,' and another series of reproductive zooids, col- 
lectively called the * gonosome ' — the entire series remaining 
in organic connection. 

In other forms nearly allied to Campanularia (such as 
Coryne) the process advances a step further. In Coryne the 
generative buds, or zooids, do not produce the reproductive 
elements as long as they remain attached to the parent 
colony ; but they require a preliminary period of independent 
existence. For this purpose they are specially organised, and 
when sufficiently matured they are detached from the 
stationary colony. The generative zooid now appears as an 
entirely independent being, described as a species of jelly-fish 
(or Medusa) under the name of Sarsia. It consists of a bell- 
shaped disc, by means of which it is enabled to swim freely ; 
from the centre of this disc depends a nutritive process, with 
a mouth and digestive cavity, whereby the organism is able to 
increase considerably in size. The substance of the disc is 
penetrated by a complex system of canals, and from its 
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margin, bang a series of teiitactilar processes. After a period 
of independent locomotive existence, the Medusa attains its 
full growth, when it develops ova and spermatozoa. By the 
conteict of these emhryos are produced ; bat these, instead of 
resembling the jelly-fish by which they were immediately gene- 
rated, proceed to develop themselves into the fixed Hydroid 
colony by which the Medusa was originally produced. 

Still more extraordinary phenomena have been discovered 
in other Hydrozoa, as in many of the Lucemarida. In 
these the ovum gives rise (as in Campanularia) to a locomotive 
ciliated body, which ultimately fixes itself, becomes trumpet- 
shaped, and develops a mouth and tentacles at its expanded 
extremity, when it is known as the ' hydra- tuba,' from its 
resemblance to the fresh- water polype, or Hydra. The hydra- 
tuba has the power of multiplying itself by gemmation, and 
it can produce large colonies in this way ; but it does not 
obtain the power of generating the essential elements of 
reproduction. Under certain circumstances, however, the 
hydra-tuba enlarges, and, after a series of preliminary changes, 
divides by transverse fission into a number of segments, each 
of which becomes detached and swims away. These liberated 
segments of the little hydra-tuba (it is about half an inch in 
height) now live as entirely independent beings, which were 
described by naturalists as distinct animals, and were called 
EphyrsB. They are provided with a swimming- bell, or 
* umbrella,' by means of which they propel themselves through 
the water, and with a mouth and digestive cavity. They 
now lead an active life, feeding eagerly, and attaining in some 
instances a perfectly astonishing size (the Medusoids of some 
species are several feet in circumference). After a while 
they develop the essential elements of reproduction, and 
after the fecundation and liberation of their ova they die. 
The ova, however, are not developed into the free-swimming, 
and comparatively gigantic jelly-fish, by which they were 
immediately produced, but into the minute, fixed, sexless 
hydra-tuba. 

We thus see that a small, sexless zooid, which is capable of 
multiplying itself by gemmation, produces by fissi6n several 
independent locomotive beings, which are capable of nourish- 
ing themselves and of performing all the functions of life. In 
these are produced generative elements, which give rise by 
their development to the little fixed creature with which the 
series began. 

To the group of phenomena of which the above are examples, 
the name * alternation of generations ' was applied by Steen- 
stmp; but the name is not an appropriate one, since the 
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process is truly an alternation of generation witli gemmation 
or fission. The only generative act takes place in the repro- 
ductive zooid, and the production of this from the nutritive 
zooid is a process of gemmation or fission, and not a pro- 
cess of generation. The * individual,' in fact, in all these 
cases must be looked upon as a double being composed of two 
factors, both of which lead more or less completely inde- 
pendent lives, the one being devoted to nutrition, the other to 
reproduction. The genei-ative being, however, is in many 
cases not at first able to mature the sexual elements, and is, 
therefore, provided with the means necessary for its growth 
and nourishment as an independent organism. It must, also, 
be remembered that the nutritive half of the * individual' is 
usually, and the generative half sometimes, compoMnd, that is 
to say, composed of a number of zooids produced by con- 
tinuous gemmation ; so that the zoological individual in these 
cases becomes an extremely complex being. 

These phenomena of so-called ' alternation of generations,* 
or 'meta-genesis,' occur in their most striking form amongst 
the Hydrozoa ; but they occur also amongst many of the intes- 
tinal worms (Entozoa), and amongst some of the Tunicata 
(MolluRcoida). 

d. Parthenogenesis. — * Parthenogenesis ' is the term em- 
ployed to designate certain singular phenomena, resulting in 
the production of new individuals by virgin females without 
the intervention of a male. By Professor Owen, who first 
employed the term, parthenogenesis is applied also to the 
processes of gemmation and fission, as exhibited in sexless 
beings or in virgin females ; but it seems best to consider 
these phenomena separately. Strictly, the term parthenogenesis 
ought to be confined to the production of new individuals 
from virgin females by means of ova, which are enabled to de- 
velop themselves without the contact of the male element.' 
The difficulty in this definition is found in framing an exact 
definition of an ovum, such as will distinguish it from an in- 
ternal gemma or bud. No body, however, should be called 
an * ovum ' which does not exhibit a germinal vesicle and 
germinal spot, and which does not exhibit the phenomenon 
known as segmentation of the yelk. Moreover, ova are almost 
invariably produced by a special organ, or ovary. 

As examples of parthenogenesis we may take what occurs in 
plant-lice (Aphides) and in the honey-bee ; but it will be seen 
that in neither of these cases are the phenomena so unequivo- 
cal, or so well ascertained, as to justify a positive assertion 
that they are truly referable to parthenogenesis in the above 
restricted sense of the term. 
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The Aphides, or plant-lice, which are so commonly found 
parasitic upon plants, are seen towards the close of autumn 
to consist of male and female individuals. By the sexual 
union of these true ova are produced, which remain dormant 
through the winter. At the approach of spring these ova are 
hatched ; but, instead of giving birth to a number of males 
and females, all the young are of one kind, variously regarded 
as neuters, virgin females, or hermaphrodites. Whatever their 
true nature may be, these individuals produce vivlparously 
a brood of young which resemble themselves ; and this second 
generation, in like manner, produces a third, and so the pro- 
cess may be repeated, for as many as ten or more generations, 
throughout the summer. When the autumn comes on, how- 
ever, the viviparous Aphides produce — in exactly the same 
manner — a final brood ; but this, instead of being composed 
entirely of similar individuals, is made up of males and females. 
Sexual nnion now takes place, and ova are produced and 
fecundated in the ordinary manner. 

The bodies from which the young of the viviparous Aphides 
are produced are variously regarded as internal buds, as 
*p8eudova' (i.e. as bodies intermediate between buds and 
ova), and as true ovti. 

Without entering into details, it is obvious that there is 
only one explanation of these phenomenaj which will justify 
us in regarding the case of the viviparous Aphides as one of 
true parthenogenesis, as above defined. If, namely, the 
spring broods are true females, and the bodies which they 
produce in their interior are true ova, then the case is one of 
genuine parthenogenesis, for there are certainly no males. 
The ease might still be called one of parthenogenesis, even 
though the bodies from which these broods are produced be 
regarded as internal buds, or as * pseudova ; ' for a true ovum 
is essentially a bud. If, however, Balbiani be right, and the 
viviparous Aphides are really hermaphrodite, then, of course, 
the phenomena are of a much less abnormal character. 

In the second case of alleged parthenogenesis which we 
are about to examine, namely, in the honey-bee, the phenomena 
which have been described cannot be said to be wholly free 
irom doubt. A hive of bees consists of three classes of indivi- 
duals — 1. A * queen,' or fertile female ; 2. The ' workers,' which 
form the bulk of the community, and are really undeveloped 
or sterile females ; and 3. The * drones,' or males, which are 
only produced at certain times of the year. We have here 
three distinct sets of beings, all of which proceed from a 
single fertile individual, and the question arises, in what 
manner are the difierences between these produced ? At a 
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certain period of the year the queen leaves the hive, accom- 
panied by the drones (or males), and takes what is known as 
her * nnptial flight ' through the air. In this flight she is 
impregnated by the males, and it is immaterial whether this 
act occurs once in the life of the queen, or several times, as 
asserted by some. Be this as it may, the queen, in virtue of 
this single impregnation, is enabled to produce fresh in- 
dividuals for a lengthened period, the semen of the males 
being stored up in a receptacle, which communicates by a 
tube with the oviduct, from which it can be shut off at will. 
The ova which are to produce workers (undeveloped females) 
and queens (fertile females) are fertilised on their passage 
through the oviduct, the semen being allowed to escape into 
the oviduct for this purpose. The subsequent development of 
these fecundated ova into workers or queens depends entirely 
upon the form of the cell into which the ovum is placed, and 
upon the nature of the food which is supplied to the larva. 
So far there is no doubt as to the nature of the phenomena 
which are observed. It is asserted, however, by Dzierzon and 
Siebold, that the males or drones are produced by the queen 
from ova which she does not allow to come into contact with 
the semen as they pass through the oviSuct. This assertion 
is supported by the fact that if the communication between 
the receptacle for the semen and the oviduct be cut off, the 
queen will produce nothing but males. Also, in crosses be* 
tween the common honey-bee and the Ligurian bee, the queens 
and workers alone exhibit any intermediate characters be- 
tween the two forms, the drones presenting the unmixed 
character of the queen by whom they were produced. 

If these observations are to be accepted as established, then 
the drones are produced by a true process of parthenogenesis ; 
but some observers maintain, that the development of any given 
ovum into a drone is really due — as in the case of the queens 
and workers — to the special circumstances under which the 
larva is brought up. 

There are various other cases in which parthenogenesis is 
said to occur, but the above will suffice to indicate the general 
character of the phenomena in question. The theories of par- 
thenogenesis appear to be too complex to be introduced here, 
and there is the less to regret in their omission, as naturalists 
have not yet definitely adopted any one explanation of the 
phenomena to the exclusion of the rest. 

Fir^t Law of Quatrefages. — From the phenomena of asexual 
reproduction in all its forms, M. de Quatrefages has deduced 
the following generalisation : — 

* The formation of new individuals may take place, in some 
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instances, by gemmation from, or division of, the parent-being ; 
but this process is an exhaustive one, and cannot be carried 
out indefinitely ; when, therefore, it is necessary to insure the 
continuance of the species, the sexes must present themselves, 
and the germ and sperm must be allowed to come in contact 
with one another.' 

It should be added that the act of sexual reproduction, 
though it insures the perpetuation of the species^ is very de- 
structive to the life of the indwidua/. The formation of the 
essential elements of reproduction appears to be one of the 
highest physiological acts of which the organism is capable, 
aud it is attended with a corresponding strain upon the vital 
energies. In no case is this more strikingly exhibited than in 
the majority of insects, which pass the greater portion of their 
existence in a sexually immature condition, and die almost 
immediately after they have become sexually perfect, and 
have consummated the act whereby the perpetuation of the 
species is secured. 

11. Development, Transformation, and Metamorphosis. 

Development is the general term applied to all those changes 
which a germ undergoes before it assumes the characters 
of the perfect individual ; and the chief diflFerences which are 
observed in the process as it occurs in different animals con- 
sist simply in the extent to which these changes are external 
and visible, or are more or less completely concealed from 
view. For these differences the terms ' transformation ' and 
* metamorphosis * are employed ; but they must be regarded 
as essentially nothing more than variations of development. 

Transformation is the term employed by Quatrefages to desig- 
nate * the series of changes which every germ undergoes in 
reaching the embryonic condition; those which we observe 
in every creature still within the egg ; those, finally, which 
the species born in an imperfectly developed state present in 
the course of their external life.' 

Metamvorphosis is defined by the same author as including 
the alterations which are ' undergone after exclusion from the 
egg^ and which alter extensively the general form and mode of 
life of the individual.* 

Though by no means faultless, these terms are sufficiently 
convenient, if it be remembered that they are merely modifi- 
cations of development, and express differences of degree and 
not of kind. An insect, such as a butterfly, is the best illus- 
tration of what is meant by these terms. All the changes 
which are undergone by a butterfly in passing from the fe- 
cundated ovum to the condition of an imiago, or perfect insect, 
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constitute its development. The egcr wliich is laid by a butter- 
fly undergoes a series of changes, which eventuate in its giving 
birth to a caterpillar, these preliminary changes constitut- 
ing its transformation. The caterpillar grows rapidly, and 
after several changes of skin becomes quiescent, when it is 
known as a * chrysalis.' It remains for a longer or shorter 
time in this quiescent and apparently dead condition, during 
which period developmental changes are going on rapidly in 
its interior. Finally, the chrysalis ruptures, and there escapes 
from it the perfect winged insect. To these changes the term 
metamorphosis is rightly applied. These changes, however, do 
not diifer in kind from the changes undergone by a mammal ; 
the difference being that in the case of a mammal the ovum is 
retained within the body of the parent, where it undergoes 
the necessary developmental changes, so that at birth it has 
little to do but grow, in order to be converted into the adult 
animal. 

From these considerations we arrive at the second law laid 
down by Quatrefages : — * Thos*^ creatures whose ova — owing to 
an insufficient supply of nutritious contents and an incapacity 
on the part of the mother to provide for their complete de- 
velopment within her own substance — are rapidly hatched, 
give birth to imperfect offspring, which, in proceeding to their 
definitive characters, undergo several alterations in structure 
and form, known as metamorphoses.' 

Betrograde Development. — Ordinarily speaking, the course 
of development is an ascending one, and the adult is more 
highly organised than the young ; but there are cases in which 
there is an apparent reversal of this law, and the adult is to 
all appearance a degraded form when compared with the 
embryo. This phenomenon is known as * retrograde,' or 
'recurrent' development, and well marked instances are found 
amongst the Cirripedia and Lemeee, both of which belong to 
the Crustacea. 

Thus, in the Cirripedes (acom-shells, &c.) and in the 
parasitic LemesB the embryo is free-swimming and provided 
with organs of vision and sensation, being in most respects 
similar to the permanent condition of certain other Crustacea, 
such as the Cypris (Ostracoda). The adult, however, in both 
cases, is degraded into a more or less completely sedentary 
animal, more or less entirely deprived of organs of sense, and 
leading an almost vegetative life. As a compensation, repro- 
ductive organs are developed in the adult, and it is in this 
respect superior to the locomotive, but sexless, larva. 
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12. Spontaneous Generation, 

Spontaneoas or Equivocal generation is the term applied 
to the alleged production of living beings wibhoufc the pre- 
existence of germs of any kind, and therefore without the 
pre-existence of parent organisms. The question is one which 
has been long and closelj disputed, and is far from being 
settled ; so that it will be sufficient to indicate the facts upon 
which the theory rests. 

If an animal or vegetable substance be soaked in hot or 
cold water, so as to make an organic infusion, and if this in- 
fusion be exposed for a sufficient lenp:th of time to the air, 
the following series of changes is usually observed. 

1. At the end of a longer or shorter time, there forms lipon 
the surface of the infasion a thin scum, or pellicle, which, 
when examined microscopically, is found to consist of an in- 
calculable number of extremely minute molecules. 

2. In the next stage these molecules appear, many of them, 
to have melted together in twos and threes to form short fila- 
ments, called * bacteria,' which become longer by the apposi- 
tion of fresh molecules at their extremities, or by uniting 
with one another, when they are termed 'vibriones.' Both 
the bacteria and the vibrios now exhibit a vibratile or serpen- 
tine movement through the surrounding fluid. 

3. After a varying period, the bacteria and vibrios become 
motionless, and disintegrate so as to produce again a finely 
molecular pelHcle. 

4. liittle spherical bodies now appear, each of which is 
provided with a vibratile cilium with which it moves actively 
through the infiision. (Monas lens.) 

5. Varied forms of ciliated Infusoria — some, which possess 
a mouth and are otherwise highly organised — ^make their 
appearance in the fluid. 

The above is the general sequence of the phenomena which 
have been observed, and the following are the two theories 
which have been advanced to account for them. 

a. By the advocates of spontaneous generation, or ' Hetero- 
geny,' it is affirmed that the Infusoria, which finally appear in 
the infusion, are produced spontaneously out of the molecular 
pellicle, the molecules of which are also of spontaneous origin, 
and are not derived from any pre-existing germs. 

t. By the * panspermists,' or the opponents of spontaneous 
generation, it is alleged, on the other hand, that the produc- 
tion of Bacteria, Vibrios, Monads, and Infusoria, in organic 
infusions is due simply to the fact that the atmosphere, 
J^Bd probably the fluid itself, is charged with innumerable 
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germs — too minute, perhaps, to be always detectable by the 
microscope — which, obtaining access to the fluid, and finding 
there fibvourable conditions, are developed into living beings. 

A large number of elaborate experiments have been carried 
out to prove that atmospheric air is absolutely necessary for 
the production of these living beings, and that if the air be 
properly purified by passage through destructive chemical 
reagents, no such organisms will be produced, provided that 
the infusion have been previously boiled. As the results of 
all these experimental tnals have hitherto proved more or less 
contradictory, it is unnecessary to enter into the question 
further, and it will be sufficient to indicate the following general 
considerations : — 

a\ The primary molecules which appear in the fluid are 
extremely minute, and if they are developed from germs, these 
may be so small as to elude any power of the microscope yet 
known to us. As they subsequently coalesce to form the bac5- 
teria and vibrios, and as there can be little dispute as to these 
being truly living organisms, we are obliged to believe that 
they must have had some definite origin. It appears, how- 
ever, to be hardly philosophical to assume that they form 
themselves out of the inorganic materials of the inftision| 
since this implies the sudden appearance, or creation, of new 
force, for which there seems to be no means of accounting. 

5. The nature of the vibrios and bacteria must be looked 
upon as quite uncertain. To say the least of it, they are quite 
as likely to be plants as animals ; and the most probable hypo- 
thesis would place them near the filamentous Confervae. 

c. What has been said above with regard to the origin of 
the bacteria and vibrios applies equally to the origin of the 
Monads, whiqh appear in the infosion subsequently to the 
death of the vibrios. 

d. These Monads, as shown by recent researches, are pro* 
bably to be looked upon as the embryonic, or larval, forms of 
the higher Infusoria which succeed them. 

e. Many of the Inftisoria, which Anally appear, are of a 
comparatively high grade of organisation, being certainly the 
highest of the Protozoa, and being placed by some competent 
observers in the neighbourhood of the Trematode Worms 
(Annuloida). It is, therefore, very unlikely that these should 
be generated spontaneously ; since if this ever occurs, it is 
reasonable to suppose that the creatures thus produced will 
be of the lowest possible organisation (such as the Gregarinid® 
for example), and will be far below the Infusoria in point of 
structure. 

/. The reproductive process in many of these same Inftisoria 
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is perfectly "well known, and it consists either in a tme sexual 
process, for whicli proper organs are provided (as in Paramce* 
dum), or in a process of gemmation or fission. It is, there- 
fore, contrary to analogy to suppose that they should be gene- 
rated in the manner maintained by the heterogenists, since 
this mode of reproduction would appear to be superfluous. 

h. In the absence of any direct proof to the contrary, it is 
safer to adopt an explanation of the observed phenomena 
which does not have recourse to laws with which we are as 
yet unacquainted. Thus, it is not at variance with any known 
law to suppose that the primary molecules are the result of 
the development of germs which find in the organic infosion 
a suitable nidv>s ; that these primary molecules and the vibrios 
which they produce are referable to the Protophyta, and 
should probably be placed near the filamentous Confervas; 
that by the death of these vegetable organisms the fluid is 
prepared for the reception and development of the germs of 
the Protozoa, for which the former serve as pahulzmi ; and 
that many of the forms which are observed are the larval 
stages of the higher Infusoria. 

13. Origin of Species. 

It is impossible here to do more than merely indicate in the 
briefest manner the two fundamental ideas which are at the 
bottom of all the various theories as to the origin of species. 
The opinions of scientific men are still divided upon this sub- 
ject, and it will be sufficient to give an outHne of the; two 
leading theories, without adducing any of the reasoning upon 
which they are based. 

L Doctrine of Special Creation, — On this doctrine of the 
origin of species it is believed that species are immutable pro- 
ductions, each of which has been specially created at some 
point within the area in which we now find it, to meet the 
estemal conditions there prevailing, subsequently spreading 
from this spot as far as the conditions of life were suitable for tSL 

n. Doctrine of Development, — On the other hand, it is be- 
Kev^ that species are not permanent and immutable, but that 
tbej ^undergo modification, and that the existing forms of life 
8ie the descendants by tme generation of pre-existing forms.' 
(Darwitt.) 

On Lamarck^ theory of the development of species, the 
itieans of modification were ascribed to the action of external 
pbysical agencies, the inter-breeding of already existing forms, 
uid the effects of habit. 

The doctrine of the development of species by variation and 
'^•toal selection — ^propounded by Darwin, and commonly 
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known as the Darwinian theory — is based upon the following 
fundamental propositions. 

1. The progeny of all species of animals and plants exhibit 
variations amongst themselves in all parts of their orgaiiisa- 
tion ; no two individuals being exactly alike. In other words, 
in every species the individuals tend by variation to diverge 
from the parent-type, in some particular or other. 

2. These variations can be transmitted to future generations 
Tinder certain definite and discoverable laws of inheritance. 

3. By artificial selection and breeding from individuals poa- 
sessing any particular variation, man, in successive generations, 
can produce a breed in which the variation is permanent ; the 
races thus produced being often as widely different as are 
distinct species of wild animals. 

4. The world in which all living beings are placed is one not 
absolutely unchanging, but is liable to subject them to very 
varying conditions. 

6. All animals and plants give rise to more numerous young 
than can by any possibility be preserved. 

6. As these young are none of them exactly alike, a process 
of * Natural Selection ' will ensue, whereby those individuals 
which possess any variation favourable to the peculiarities of 
the life of the species, will be preserved. Those individuals 
which do not possess such a favourable variation will be placed 
at a disadvantage in the ' struggle for existence,' and will tend 
to be gradually exterminated. 

7. Other conditions remaining the same, the individuals 
which survive in the struggle for existence will transmit the 
variations, to which their preservation is due, to future gene- 
rations, 

8. By a repetition of this process * varieties ' are first estab* 
lished ; these become permanent, and * races * are produced ; 
finally, in the lapse of time, the differences become sufficiently 
great to constitute distinct species. 

14. Distribution. 

TJnder this head come all the facts which are concerned with 
thi5 external or objective relations of animals ; that is to say, 
their relations to the external conditions in which they are 
placed. 

The geographical distribution of animals is concerned with 
the determination of the areas within which every species of 
animal is at the present day confined. Some species are found 
almost everywhere, when they are said to be * cosmopolitan ;' 
but as a rule each species is confined to a limited and definite 
area^ 
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The veHical or hathymetrical distribution of animals relates 
io the limits of depth within which each marine species of ani- 
mals is confined. As a rule it is found that each species has 
its own definite bathymetrical zone, and that its existence is 
difficult or impossible at depths greater or less than those com- 
prised by that zone. Generalising on a large number of facts, 
naturalists have been able to lay down and name certain de- 
finite zones, each of which has its own special fauna. 

The four following zones are those generally accepted : — 

1. The Littoral zone, or the tract between tide-marks. 

2. The Laminarian zone, from low water to 15 fathoms. 

3. The Coralline zone, from 15 to 50 fathoms. 

4. The deep-sea Coral zone, 50 to 100 fathoms or more. 

In addition to the preceding forms of distribution, the zoolo- 
gist has to investigate the condition and nature of animal life 
daring past epochs in the history of the world. 

The laws of distribution in time, however, are, from the na- 
ture of the case, less perfectly known than are the laws of la- 
teral or vertical distribution, since these latter concern beings 
which we are able to examine directly. The following are the 
chief facts which it is necessary for the student to bear in mind. 

1. The rocks which compose the crust of the earth have 
been formed at successive periods ; and may be roughly divided 
into aqueous or sedimentary rocks and igneous rocks. 

2. The igneous rocks are produced by the agency of heat, 
are mostly unstratified (i. e. are not deposited in distinct layers 
or strata), and, with few exceptions, are destitute of any traces 
of past Life. 

3. The sedimentary or aqueous rocks Owe their origin to 
the action of water, are stratified (i. e. consist of separate layers 
or strata)^ and mostly exhibit 'fossils' — that is to say, the 
Temains or traces of animals or plants which were in existence 
at the time when the rocks were deposited. 

4. The series of aqueous rocks is capable of being divided 
into a number of definite groups of strata, which are technically 
called 'fiDrmations.' 

5. Each of these definite rock-groups, or 'formations,* is 
characterised by the occurrence of an assemblage of fossil re- 
laaiiis more or less peculiar and confined to itself. 

6. The majority of these fossil forms are 'extinct;' that is 
to say, they do not admit of being referred to any species at 
present existing. 

7. No fossil, however, is known, which cannot be referred 
to one or other of the primary subdivisions of the Animal 
EngdQm, which are represented at the present day. 

8. When ik species has once died out. it never reappears. 
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9. Tlie older the formation, tlie greater is the divergence 
between its fossils and the animals and plants now existing on 
the globe. 

10. All the known formations are divided into three great 
groups, termed respectively PalsBOzoic or Primary, Mesozoic 
or Secondary, and Elainozoic, or Tertiary. 

The Palaeozoic, or Ancient-life, period is the oldest, and is 
characterised by the marked divergence of the life of the period 
from all existing forms. 

In the Mesozoic, or Middle-life, period the general fades of 
the fossils approaches more nearly to that of our existing fauna 
and flora ; but — with very few exceptions — the characteristic 
fossils are all specifically distinct from all existing forms. 

In the Kainozoic, or New-life, period, the approximation of 
the fossil remains to existing living beings is still closer, and 
some of the forms are now specifically identical with recent 
species ; the number of these increasing rapidly as we ascend 
from the lowest Kainozoic deposit to the Recent Period. 

Subjoined is a table giving the more important subdivisions 
of the three great geological periods, commencing with the 
oldest rocks and ascending to the present day. 

I. PALiBOZoic OR Primary Hocks. 

1. Laurentian, (Lower and Upper.) 

2. Cambrian. (Lower and Upper, with Huronian Rocks?) 

3. Silurian.. (Lower and Upper.) 

4. Devonian, or Old Red Sandstone. (Lower, Middle and 
Upper.) 

5. Carboniferous. (Mountain-limestone, Millstone Grit and 
Coal-measures .) 

6. Permian. (=the lower portion of the New Red Sand-i 
stone.) 

11. Mesozoic or Secondary Rocks. 

7. Triassio Rocks. (Bunter Sandstein, or Lower Trias; 
Muschelkalk, or Middle Trias ; Keuper, or Upper Trias.) 

8. Jurassic Rocks. (Lias, Inferior Oolite, Great Oolite, 
Oxford Clay, Coral Rag, Kimmeridge Clay, Portland Stone, 
Pnrbeck beds.) 

9. Cretaceous Rocks. (Wealden, Lower Greensand, Gault, 
Upper Greensand, White Chalk, Maestricht beds.) 

III. Kainozoic or Tertiary Rocks. 

10. Eocene. (Lower, Middle, and Upper.) 

11. Miocene. (Lower and Upper.) 

12. Pliocene. (Older Pliocene and Newer Pliocene.) 

13. Post-tertiary. (Post-pliocene, and Recent.) 
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CHAPTER I. 

1, General Characters of the Protozoa. 2. Classification. 

8. Gregarinid^. 

1. Creneral Characters, — The sub-kingdom Protozoa, as the 
name implies, inclndes the most lowly organised members of 
the animal kingdom. From this cirenmstance it is difficult, 
if not impossible, to giVe an exhaustive definition, and the 
following is, perhaps, as exact as the present state of our 
knowledge will allow. 

The Protozoa may be defined as animals, generally of minute 
size, composed of a nearly structureless jelly-like substance 
(termed ^sarcode '), shotting tw composition out of definite parts 
or segments, hamng no definite body-cavity, presenting no traces 
of a nervous system, and having either no differentiated ali- 
mentary apparatus, or but a very rudimentanj one, 
^ The Protozoa are almost exclusively aquatic in their habits, 
and are mostly very minute, though they sometimes form 
colonies of considerable size. They are comprised of a more 
or less contractile, jelly-like substance, called *sarcode' or 
* animal protoplasm,* which is semi-fluid in consistence, and 
is composed of an albuminous base with oil-globules scattered 
through it. Graniiles are generally developed in the sarcode, 
and in many cases there is a definite internal solid particle, 
termed the 'nucleus.* 

In no Proiozoon are any traces known of anything like 
the nervous and vascular arrangements which are found in 
animals of a higher grade. A nervous system is universally 
and entirely absent, and the sole circulatory apparatus con- 
sists in certain clear spaces called * contractile vesicles,* which 
are found in some species, and which doubtfully perform the 
functions of a heart. A distinct alimentary cavity is present 
in the higher Protozoa, hat in many there is none, and in all 
the digestive apparatus is of the simplest character. Organs 
of generation, or at any rate differentiated portions of the 
body which act as these, are sometimes present ; but in many 
cases true sexual reproduction has not hitherto been shown to 
exist. 
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The * sarcode * which forms sucli a distinctive feature in 
all the Protozoa, is a strnctureless albuminous substance, not 
possessing 'permanent distinction or separation of parts/ 
but nevertheless displaying all *the essential properties and 
characters of vitality,' being capalje of assimilation and ex- 
cretion, of irritability, and of the power of contraction so as 
to produce movements, strictly analogous, in many cases, to 
the muscular movements of the higher animals. In some, 
too, the sarcode possesses the power of producing an external 
case or envelope, usually of carbonate of lime or flint, and 
often of a very complicated and mathematically regular struc- 
ture. 

The most characteristic organs of locomotion amongst tbe 
Protozoa are known as * pseudopodia,' and consist simply of 
prolongations of the sarcodic substance of the body, which 
can usually be emitted from the greater portion of the general 
surface of the body, and are capable of being again retracted 
and of fasing completely with the body-substance. 

2. Classification of the Protozoa, The sub-kingdom Pro- 
tozoa is divided into three classes, viz. the GregarinidoB, the 
Bhizopoda, and the Infusoria. In the Infusoria only is a mouth 
present, and hence these are sometimes spoken of as the 
* Stomatode * Protozoa, whilst the two former classes collec- 
tively constitute the ' Astomata.' 

The following is a tabular view of the divisions of the 
Protozoa : — 

Class I. Gregarinid^. 

Class II. B/HIZOPODA. 

Order 1. Amoehea. 
„ 2. Foramimfera, 
„ 3. Badiolaria, 
„ 4. Spongida, 

Class m. Infusoria. 
Order 1. Sttctoria, 
„ 2. Ciliata, 
„ 3. Flagellata, 

3. Class I. Gregarinid^. — The Gregarinidce may be de- 
fined as parasitic Protozoa, which are destitute of a mouth a^id 
do not possess the power of emitting ' pseudopodia. They con- 
stitute the lowest class of the Protozoa, and comprise certain 
microscopic animals which are parasitic in the alimentary 
canal of both invertebrate and vertebrate animals. They 
have, however, a special liking for the intestines of certain in-* 
sects, being commonly found abundantly in the coclrfoach. 

Nothing anatomically could be more simple than, the struc^ 
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tmeof a Oregarhna, since it is almost exactly that of the un- 
impregnated ovum {fiif. \ a). An adult GrejjariDa, in fact, 
may Ije Raid to be a single cell, consisting of an ill-defined 
membranoas envelope filled with a more or less granular sar- 
code, wliich contains in its interior a veaicnlar nnctens, this 
in torn encloslog a solid particle, or nncleolns. In some the 
body exhibits ui approach to a more complex stmctnre by the 
presence of internal septa ; but it is doubtful whether this- 
appearance may not be due to the apposition and fusion of 
two separate individuals. In others one end of the body ia 
furnished with uncinate processes, very similar in appearance 
to the hooked ' head ' of the common tape-worm. {Tmnia 
lolium). Essentially, however, the structure of all appeajs to 
be the same. Su differentiated organs of any kind beyond 
the nucleus and nucleolus exist, and both assimilation and 
excretion mnst be performed simply by the general snr&ce of 
the body. The body is, nevertheless, contractile, and slow 
movements can apparently be effected. 

■ In spite of their exceedmgly simple structure, the following 
very interesting reproductive phenomena have been observed, 




Fig. 1.— On^riiuiotttieeBrth-wonii. a, i.iaJt Oituanrm. b. The same enrjeKdi 
c. With Iha contenta diddal InCo paendonaiinellE. d. Free pseudoDuvicellce. 
t. Fiae BsusUIOlu coDtenC* of Che peeudonavlcellie. (JMer Lieberkuhii.) 

sometimes in a single Gregarhia without apparent canae, 
sometimes as the result of the apposition and coalescence of 
two individuals — the exact nature of the process being in 
either case obscure. The Gregarina — or it may be two in- 
dividuals which have come into contact and adhered together 
— assumes a globular form, becomes motionless, and develops 
round itself a stmctureless envelope or cyst, when it is saad 
to be ' encysted ' ifg. 1 6). The central nucleus then dis- 
appears, apparently by disaolntion, whereupon the granular 
contents of the cyst break up into a number of little rounded 
I, which gi^ually elongate and become lanceolate, when 
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they are termed * pseudonayicellsQ ' (or * psendonavictilaB ') 
(^fig, 1 c). The next step in the process consists in the libera- 
tion of the psendonavicellaB which escape by the rupture of 
the enclosing cyst {fig* Id), If they now find a congenial 
habitat, they give origin to little albuminous or sarcodic 
masses, which exhibit lively movements, and are endowed 
with the power of throwing out and retracting little processes 
of the body which closely resemble the * pseudopodia ' of the 
Mhizopodu; so that the pseudonavicella in this condition is 
very similar to an adult Amoeba {fig* 1 e). Finally these 
amoebiform bodies are developed into adult Ghregarince. It 
will be seen firom the above that the formation of the pseudo- 
navicellsB out of the granular contents of the body, subsequent 
to the disappearance of the nucleus, presents some analogy to 
the segmentation of the impregnated ovum which follows 
upon the dissolution of the germinal vesicle. 

PsoROSPBEMiB, — There occur as parasites on and within the 
bodies of fishes certain vesicular, usually caudate, bodies, 
termed Psorospermice, the exact nature of which is very pro- 
blematical. According to lieberkiihn they occasionally give 
origin to amoebiform bodies, similar to those which are Hbe- 
l^ted from the pseudonavicellaB of Gregarinidce, In this case 
they should probably be regarded as the embryonic forms 
of some Gregcurma, By Balbiani, however, they are looked 
upon as properly belonging to the vegetable kingdom. 



CHAPTER n. 
SmZOPODA. 

General Characters op the Rhizopoda, — The EMzopoda 
may be defined as Protozoa, which are destitute of a mouth, are 
simple or compound, and possess the power of emitting ^pseudo' 
podia,* They are mostly small, but some of the composite 
forms, such as the sponges, may attain a very considerable 
size. Structurally a typical Rhizopod — as an Amoeba — is 
composed of almost structureless sarcode, without any organs 
appropriated to the function of digestion, and possessing the 
power of throwing out processes of its substance so as to con- 
stitute adventitious limbs. These are termed * pseudopodia,' 
or false feet, and are usually protrusible at will from different 
parts of the body, into the substance of which they again 
melt when they are retracted. They are merely filaments of 
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•arcode, sometimes very delicate, and of considerable lenofth, 
at other times more like finger-shaped processes; and they 
are somewhat analogous to the little processes which are oc- 
casionally thrown out by the white corpuscles of the blood 
and by pus-cells. Indeed, it has been remarked by Huxley 
that an Amceha is structurally * a mere colourless blood-cor- 
puscle, leading an independent life.' 







Tig. 2. — ^Morphology of Rhizopoda. a. Amaha radiasa, sliowiiig the psendopodia, 
ctnitractile v^cle, and nucleus, b. D\fflugia^ with the pseudopodia protruded 
from tiie ulterior end of the carapace, c. Indlvldu^ sponge-particles, or 
' sarcoids.' d. Ciliated sponge-particles of Grantia, showing the resemblance to 
flagellate Infusorians. e. Mono-ciliated sarcoid of iS^pon^'/Za (after Carter). 

The class Rhizopoda is divided into four orders, viz. the 
Amoehea, the Foraminiferay the Badiolcma, and the Spongida^ 
of which the last is occasionally considered as a separate class. 

Obdeb I. Am(EBEA. — This order comprises those Bhizopoda 
which are, with one or two exceptiotis, naked, ha/ve ttstudhj 
short, hlrmt, lohose pseudopodia, which do iiot anastomose vdth 
one a/nother, a/nd contam a ' rmcleus,* and one or more ' contractile 
vesicles,^ 

The Amoeba, or Proteus-animalcule, may be taken as the 
type, and a description of it will be sufficient to indicate the 
leading points of interest in the order. The Amoeba (^fig, 2 a) 
is a microscopic animalcule which inhabits fresh water, and is 
composed of gelatinouB sarcode, which admits of a separation 
into two distinct layers : — an outer transparent layer, termed 
the ' ectosarc,' and an inner, more fluid and mobile, molecular 
layer, called the * endosarc' The * ectosarc ' is highly ex- 
tensile and contractile, and is the layer of which the * pseudo- 
podia ' are mainly composed ; whilst the * endosarc ' contains 
the only organs possessed by the animal, viz. the ' nucleus ' 
and ' contractile vesicle ' or vesicles, along with certain for- 
tuitous cavities termed * food- vacuoles.' 

It is believed by some that the ectosarc is surrounded by 
a colourless and structureless investing membrane, or cuticle ; 
but this is denied by others. Be this as it may, there is no 
oral cavity, and the food is merely taken into tiie interior of 
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the body by a process of intussusception ; any portion of tbe 
surface being chosen for this purpose, and acting as an ex- 
temporaneous mouth. When the particle of food has been 
received into the body, the aperture by which it was admitted 
again closes up, and the discharge of solid excreta is effected 
in an exactly similar manner. In this case, however, the 
area of the general surface within which an anus may be ex- 
temporised, appears to be more restricted and to comprise a 
portion only of the body (* villous region '). 

The * nucleus * is a solid granular body, one or more of 
which is present within the endosarc of every Amceba, but 
its function is not known with any certainty. The ' con- 
tractile vesicles ' are cavities within the endosarc, of which 
ordinarily one only is present in the same individual, though 
sometimes there are more. In structure it is a little cavity 
or vesicle filled with a colourless fluid apparently derived 
from the digestion, and exhibiting rhythmical movements of 
contraction (systole) and dilatation (diastole) » In some cases 
radiating tubes are said to have been seen proceeding from 
the vesicle at the moment of contraction. Regarded func- 
tionally, the contractile vesicle must be looked upon as a cir- 
culatory organ, and it offers therefore the most rudimentary 
form of a vascular system with which we are as yet acquainted. 

Besides these proper organs, the endosarc usually contains 
clear spaces, which are called ' vacuoles,' or, more properly, 
* food- vacuoles.' These spaces are of a merely temporary 
character, and are simply produced by the presence of 
particles of food, usually with a little water taken into the 
body along with the food. 

There are no traces of any organs of sense, or of a nervous 
System, or, indeed, of any other organs in addition to those 
already described. Locomotion is effected, with moderate 
activity, but in an irregular manner, by means of the blunt, 
finger-shaped processes of sarcode, or * pseudopodia,* which can 
be protruded at will from any part of the body, and can be 
again retracted within it. The pseudopodia also serve as pre* 
hensile organs ; but they do not interlace and form a network 
as in many others of the Rhizopoda, 

As regards the reproductive process in the Amoeba^ no dif- 
ferentiated sexual organs have hitherto been discovered, and 
the true sexual form of the process is therefore unknown. 
Fresh individuals, however, may be produced in three ways : — 
Firstly y by simple fission, the animal dividing into two parts, 
each of which becomes an independent organism. Secondly^ 
by the detachment of a single pseudopodium, which becomes 
developed into a fresh Amoeba. Thirdly, by the production of 
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little gpli^rical masses of sarcode wliioli may be derived from 
tiie nncleus by fission, or may be prodnced by a segmeiittition 
of the eadosarc, the animtii faaving previoaaly become torpid, 
and the nucleus and coDtractile vesicle having; disappeared. 
Ttese little masses, however produced, develop tiiemselves 
when liberated into ordinary Amwhce. This last method of 
reproduction ia obviously very closely analog-ona to the pro- 
duction of ' pseudonavicellffl ' in an encysted Gregariita. 

The remaining members of the Aincehea are constructed 
more or less closely after the type of the Amceha itself. In 
the. nearly allied Difflugia. the sarcode forming the body of the 
anim.al is invested with a membranous envelope or ' carapace,' 
strengthened by grains of sand and other adventitious solid 
particles, and having a single aperture at one extremity, 
through which the pseudopodia are protruded (Jig. 2 6). In 
Arcella there is a discoid or bason-shaped carapace, secreted 
by the animal itself, and likewise possessiog but a single 
pseudopodial aperture, placed in this case on the flat surface 
of the body. 

In J'am.phagus there is no carapace, but the pseudopodia 
are nevertheless protrusible from one extremity only of the 
body, the remainder of the surface appearing to be of too 
resistant a consistence to allow of this. The common sun- 
miimaleule {Aelmophn/s sol) is another well-known Rhizopod 
which ia usnally placed in this order (Jig- 3). It consiati of 
a spherical mass of sarcode, about 1-1,300 of an inch in dia- 
meter, and usually covered with long, radiating, filamentous 
pseudopodia, which are 
much less mobile than in 
the case of the Amieba. 
The division of the sub- 
Hiance of the body into ec- 
)»Earo and endosaro is to- 
lerably evident, and the 
latter contains numerous 
granules and vacuoles. The 
pseudopodia are derived Ftg. s. 
from the ectoaarc alone, tbe J" 
endosflrc not passing into 
them, and they exhibit a circulation of granules along their 
edges, though this ia not nearly so marked a feature as in the 
case of the ForaAniniJera, A nucleus and contractile vesicle 
are also present. 

The Amceheamtkj be divided into two snb-orders : 1. Amce- 
biiia, including those forms which have the body naked ; and 
2. AreeUina, comprising those in which the body is protected 
by a carapace. ^ 
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CHAPTER III. 

FORAMUilFERA, 

The Foraminifera may be defined as Bhizopoda in which the 
body is jprotected by a shell, or ^test,^ usually composed of car- 
bonate of lime ; there is no distinct separation of th^ sarcode of 
the body into ectosarc and endosarc, and the nucleus and con- 
tractile vesicle are both absent. The pseudopodia are long and 
filamentous and interlace with one another to form a net-work. 

The Foraminifera are specially characterised by the posses- 
sion of a * test' or external shell, which is nsually composed 
of carbonate of lime, but is sometimes membranous. (If 
Lieberkuhniais to be regarded as &Forami7iifer, the possession of 
a test cannot be looked upon as essential, since this animalcule 
is naked.) The test is usually composed of an aggregation of 
chambers or *loculi,' and its walls are usually pierced by 
numerous pores or 'foramina' through which the pseudopodia 
are protruded ; the place of these being in some forms sup- 
plied by the large size of the terminal, or * oral,* aperture of 
the shell. 

As regards the soft parts of the Foraminifera, the body is 
composed of extensile and contractile sarcode — usually reddish 
or yellowish in colour — ^which not only fills the interior of the 
shell, but generally invests its outer surface also with a thin 
film, fix)m which the pseudopodia are emitted. The sarcode is 
not differentiated into a distinct ectosarc and endosarc, and is 
devoid of a nucleus and contractile vesicle, and, indeed, of any 
organs or specialised parts of any kind. From this uniformity 
in its composition there seems some reason to conclude that 
the Foraminifera — in spite of the complexity and mathematical 
regularity of many of their shells — should be looked upon as 
the lowest forms of the Bhizopoda, or ev^n of the Protozoa, 

The pseudopodia in all the Foraminifera are filamentous 
and protrusible to a great length, and they possess the 
singular property of uniting together in various directions so 
as to form a kind of net- work, like an ' animated spider's- 
web.' (Hence the name Beticularia applied to the order by 
Dr. Carpenter.) This property, however, is not peculiar to 
members of this order, but is seen also in Actinophrys and in 
the Thalassicollida, though to a less extent. Further, through- 
out the entire net-werk formed by the inosculating pseudo- 
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podia there is a constant circulation of grannies in different 
directions. This singular phenomenon ia in many respects 
analogons to the circulation of granules which is seen in 
many vegetable cells, and it is believed by Dr. Carpenter that 

* the conditions of the two sets of phenomena are essentially 
the same.' 

The shells of Foraminifera may be classed in three divisions, 
termed respectively the * porcellanous,' the * hyaline ' or 

* vitreous,' and the * arenaceous.' The porcellanous shell is 
quite homogeneous in its composition, is opaque-white when 
seen by reflected Hght, and is not perforated by pseudopodial 
foramina. In these forms (e.g. Miliold) the pseudopodia are 
emitted solely from the mouth of the last-formed segment of 
the shell. The Titreous shell is transparent and glassy in 
texture, and its walls are perforated by numerous pseudopodial 
apertures. The arenaceous shell is properly speaking not a 
true * test,' since it is simply composed of particles of sand 
united together by some unknown cement. Its walls may or 
may not be traversed by pseudopodial foramina. 

As regards the form of the shell, the Foraminifera may be 
conveniently, though arbitrarily, divided into two sections : 
the Monothalamia and the Polyihalamia, In the flrst of these 
lections (fig, 4s), comprising the so-called * simple 'or * uni- 
locular* Foraminifera^ the shell consists of a single chamber, 
and the animal is, in &ct, nothing more than a little mass of 
sarcode enveloped in a calcareous covering. Lagena, with its 
beautijU flask-shaped shell, may be taken as the type of this 
division. In the Polythalamia, or * multilocular' Fora/minifera^ 






Pig. 4. ^Monothalomotui Foraminifera. a. Lagena sulcata, h. Adult form of the 

same. e. Lagena tnalo, 

the shell is composed of many chambers separated from one 
another by divisional walls or ' septa* (fig. 5), each of which is 
perforated by one or more openings, * septal apertures,' by 
means of wluch the sarcode occupying the different chambers 
is united into a continuous and organic whole, the connecting 
bands being called * stolons.' Complex as their structure 
oflen is, the compound Foraminifera are, nevertheless, formed 
by a process of continuous gemmation or budding from a 
single * primordial segment' in every respect identical with 
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the permanent condition of a simple species. They ci 
tlieir existence, therefore, as Monothalamia, and are converted 
into Fulytkalamia merely by a process of ' yegetative ' or ' irre- 
lative repetition.' Aa their development proceeds, the primitive 



\ 



mass of sarcode, or ' primordial segment,' throws out fresh 
segments in the form of buds according to a det«miinate 
law ; and it ia Bpon the direction in which these segments are 
evolved that the ultimate form of the shell depends. The 
more important variations in this respect are as follows ; — If 
the additional segments are added to the primordial chamber 
in a linear series, so as to form a straight or slightly carved 
line, we obtain respectively a Nodosana {fig. 5) or a ^entaliaa. 
When the new chambers are added in a spiral direction, each 
being a little larger than the one which preceded it, and the 
coils of the spiral lying in one plane, then we get the ' nanti- 
loid' shell, so common amongst ihe F</ramiinif^a {fig. 6 a). 
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This type of shell is so closely similar to the shape of the pearly 
nautilus, that the older naturalists were long in the habit of 
classing these forma along with the Gephalopoda, or Cnttle- 
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fisli order. In the true nantiloid shell the convolutions of the 
spiral lie in a single plane, as in JRotalina, and the shell is said 
to be * equilateral.' In other cases, however, the spiral passes 
obliqnely ronnd a central axis, and the shell becomes conical or 
tnrretec^ when it is said to be 'inequilateral' or * trochoid.* 
In other forms, such as NummuUtes and Orhitolites, the struc- 
ture of the shell, though regular, is much more complicated. 
Besides these symmetrical forms, there exist others in which 
the arrangement of the segments is very irregular, as is seen 
in GloMgerina, AcervuUna, &c. (fig. 6 b). 

Besides the true pseudopodial foramina with which the 
walls of the test in most of the Foraminifera are pierced, there 
exists in some forms an additional system of complicated 
branching and anastomosing tubes, which are distributed 
between the laminae of the shell, and establish a communica- 
tion between its external and internal surfaces. 

Classification op Foraminipbea. — ^The classification of the 
Forammifera has hitherto proved a matter of extreme difl&culty, 
and probably none of the arrangements as yet proposed can 
be considered as more than provisional. The following is the 
classification adopted by Dr. Carpenter, who is one of the 
greatest Uving authorities upon the group. 

Obdeb Reticulosa. ( = Foraminifera.) — Bhizopods ahow^ 
iag no differeniiatUm, or a very vmperfect one, into edosarc and 
endosarc; no nucleus or contractile vesicle ; pseudopodla fila- 
mentous^ rnmutely suhdwided, and vnosculating freely to form a 
net-work. 

Section 1. Trwperforata. — Envelope membranous or calca- 
reous, the walls not perforated by apertures for the pseudo- 
podia, which are emitted solely from the single or multiple 
aperture of the shell. 

Fa/milies, 1. Gromida. Test membranous. 
2. Miliolida^ Test porcellanous, 
8. Idtuolida. Test arenaceous. 

Sectimi 2. Perforata. — Envelope calcareous (hyaline or vi- 
treous) or rarely arenaceous, its walls traversed by numerous 
foramina for the enussion of pseudopodia. 

The following classifications by D'Orbigny and. Schultze are 
founded merely upon the form of the shell, and, as such, are 
purely arbitrary. Of the two Schultze's arrangement is pro- 
bably the more satisfactory. 

VOL. I. a 
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TABLB OF D ORBIONT S ABBAITOBMEKT OF THE FORAMINTFEBA. 

Order 1. Monostega. — Body consisting of a single segment; the shell of 
s single chamber. 

Order 2. Stichostega. — Segments arranged in a single row, in a stvaight 
or slightly curved line. 

Order 3. HeUcostega.-^SegmentB arranged in a spiral, the shell forming a 
ijumber of convolutions. (The * nautiloid' Foraminifera.) 

Order 4. Entomostega.— -Segments arranged on two alternating axe9 
forming a spiral. 

Orda^ 5. SkaUoatega. — Segments arranged on two or three alternating 
axes, not forming a spiral. 

Order 6. Agathiatega. — Chambers wound round an axis ; each segment 
embracing half the entire circumference. 

TABLE OF SCHX7LTZB*S ABRANOBMBKT OF THE FORAMIKTFBRA. 

Section 1. Helicoidea. — Segments arranged in a convolute series. 
Section 2. Rhahdoidea. —^Qgments placed in a direct line. 
Section 3. Soroidea. — Segments disposed in an irregular manner. 

AFFiNrriES OP Foraminifeea.—- The ForoAmnifera are related 
on the one hand to the Amoehea and ou the other to th^ 
Spongida, From the former the 'unilocular' Foraminifera diiier 
both in the possession of an external envelope, and in thQ 
much less highly diffeFentiated characters of their sarcode ; 
but the points of resemblance are obvious, and in such forms 
as Actinophrys and lAeherkiihnia we are presented with an 
apparent transition between the two orders. From the shelled 
Amoebea, such osArcella, the Foraminifera are broadly separated 
by the absence in the former of pseudopodial pores, and ar© 
fundamentally distinguished by the different nature of the 
aarcode-body. 

To the Sponges the Foraminifera are related in various 
ways, one of the most striking links being found in Garpen^ 
teria, a singular attached form of Foraminifer. The shell, 
namely, of Garpenteria is conical and calcareous, composed of 
an aggregation of chambers arranged in a spiral, and having 
its walls perforated by numerous foramina of a minute size. 
The interior of the chambers, however, is filled with ' a fleshy 
sponge-like body,' strengthened by numerous spicula. 

Bathtbius, Coccoliths, and CoocosPHEREg.— It may be as 
well to notice here a singular organism which is certainly 
referable to the Bhizopoda, though its exact affinities are 
doubtful. Certain minute oval or rounded bodies have long 
been known as occurring attached to the surface of the shells 
of Foraminifera, and they were originally described by 
Professor Huxley under the name of ooccolitlis. Subsequently 
it was discovered by Dr. Wallich that these singular bodies 
occur not only in the &ee condition, but also attached to the 
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eztenxal surface of little spherical masses of sareode to wliich 
l)e gave the name of cocGOspherea, The coccospherea are enclosed 
i^ a delicate e^Yelope apparently of a calcareous nature, and 
^re atudded at nearly regular interyals by the coccoliths. More 
recently still, it has been discovered by Professor Huxley that 
both the coccolUha and the coccoapheres are imbedded in masses 
Qf protoplasmic or sarcodic substance, covering wide areas of 
the sea-bottom, to which they bear the same relation that the 
spicules of sponges or of Badiolaria do to the soft parts of 
these animals. To this undefined and diffused protoplasm 
with its contained cocoolitha and coccoapherea the name 
Batkyhim has been applied by Professor Huxley. Its exact 
position, as already said, is doubtful ; but it is believed by Dr. 
Carpenter to be a rudimentary form of the Foramimferay and 
to be somewhat allied to the ancient JEozoon, 

Distribution of Foramdjifera in Space. — ^The Foramiinifera 
are mostly marine, and are found in almost all seas, though 
more abundantly in those of the warmer parts of the globe. 
It is concluded by Dr. Carpenter that 'the foraminiferous 
fmtna of our own seas probably presents a greater range of 
yaiiefy than existed at any preceding period ; but there is no 
indication of any tendency to elevation towards a higher type.* 
One of the most remarkable facts about their distribution at 
the present day, is the existence of a deposit at great depths 
in the Atlantic, formed almost entirely of the shells of Foramu 
fdfera and very closely resembling chalk. It has, further, 
been quite recently established that there co-exist with these 
'Fora/mmifera vaiious animals of a higher grade, some of which 
closely resemble, or are even specifically inseparable from, 
well-known cretaceous species. There is, therefore, some 
reason to conclude that the bottom of the sea at great depths 
is peopled at the present day by a fauna which is very closely 
allied to that of the Chalk. 

Distribution of Foraminifbra in Time. — Remains of Fora- 
mmifera have been found in PalsBOzoic, Mesozoic, and Kainozoic 
formations. In the oldest stratified rocks with which we are 
acquainted, viz. the Laurentian rocks of Canada, there occurs 
a fliiigular body which has been described as the remains of 
a gigantic Fora/minifer, under the name of Eozoon Canadenae. 
If truly organic, as is doubted by some, it is the oldest fossil 
as yet discovered. It appears to have grown in reef-like 
masses resembling the sessile patches of Pohjtrema and Oarpe^u 
ieria, to both of which, as well as to the extinct Ntmrnmliteay 
it shows a decided affinity. In the Silurian rocks remains of 
Foraminifera, some of which are apparently identical with ex- 
isting fonuB, have been detected in various places, and it is 

s2 
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not improbable that the large Silurian fossils known as Be' 
ceptaculites and Stromatopora should really be referred to this 
order. In the Carboniferous rocks of Russia whole beds are 
composed of a species of Fusulina, In the Secondaiy rocks 
F&rammifera occur in great abundance, the widely-spread for- 
mation known as the Chalk being crowded with these organ- 
isms. Chalk itself, in fact, is almost entirely composed of the 
cases of Foraminifera, some of which are identical with species 
now existing. 

In the Tertiary rocks the Foramdnifera attain their maximum 
of development, both as regards the size and the number of 
the forms which characterise them. The period of the Middle 
Eocene is especially distinguished by a very widely-spread and 
easily recognised rock known as the Nummulitic Limestone, so 
called from the abijndjtppe in it; of'tb large coin-shaped Fora* 
minifer, termed^the Ntt/mmulite. The Nummulitic Limestone 
stretcher from the West of Europe to the frontiers of China, 
but in some cases, in place of Nummulites proper, it contains 
the remains of a mimetic form termed Orbitoides, Upon the 
whole. Dr. Carpenter concludes that * there is no evidence of. 
any fundamental modification or advance of the foraminiferous 
type from the PalsBozoic period to the present time.' 



CHAPTER IV. 

BAJDIOLARIA. 

The order Radiolaria was founded by Miiller to include the 
Folycystina, the Accmthometrina, and the Thalassicollida, to 
which Dr. Carpenter adds Actinophrys and its alHes, chiefly 
on account of the form of the pseudopodia. Here, however, the 
term will be employed to designate the first three of these, 
and Actinophnfs will be placed amongst the Amcehea^ to which 
its alliance appears to be more decided. 

The order Radiolaria may be defined as comprising those 
Rhizopods which possess a siliceous test or siliceous spicules, and 
are provided with pseudopodia which stand out like radiating 
filaments, and occoMonally run into one another. 

I. Family Acanthometeina. — The Acanthometroe are all ma- 
rine, and consist of sarcode-bodies which are supported by a 
framework of radiating siliceous spines, the extremities of 
which usually project considerably beyond the body. The. 
substance of the body admits of division into an outer mem- 
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bmnonB layer, or ' ectoetirc,' and an internal grasnlar layer, 
or ' endoaarc' The siliceous apinee are hollow, being grooved 
at the hase by a gnfcter which is continued further up the 
spine by a canal t«nniiiating at the apex of the apjne by a 
dutmct aperture. The spinea in consequence of this stnic- 
tore are able to Berve for the transmiasion of the paeudopodia, 
which gain the exterior by running through the canals and 
escaping at their apices. Uany of the paeudopodia, however, 
do not occupy the canals of the spines. 

n. Fam. PoLYCTSTisA, — The members of this family are 
dosely related to the Foraminifera, differing from them chiefly 
in the fact that their shells are 
composed of flint instead of car- 
bonate of lime, as in moat of the 
latter. They possess a body of 
Barcode, which is enclosed in a 
foraminated sihceons shell, which 
is often fiimiahed with apine-like 
processes, and is uanally of great 
beauty (,fig- ?)■ The sarcodic 
Bubstamce of ihe body ia olive* 
hrowD in colour with yellow 
globales, and often does not en- 
tirely fill the shell. The psendo- 
podia are emitted throngh the 
foramina in the teat, and are long, 
ray-like filaments, which display 
a slow movement of granules 
along their borders. ^ 

The PolyoysUna are all micro- 
Bcopic, and are all inhabitants of 

&e sea, having a very wide diBtrihhtion. They are also 
fband abundantly in certain Tertiary deposits, being often 
eiTODeonaly described as DiatomaeecB. 

in, Fam. Thalasbicollida. — The ThalamcoUida have been 
defined as being Bhizopoda which are 'provided with Btrueiwcl&u 
eytU eoviaming eeUular alementg and garcode, and turrounded 
bj a layer of aa/reode, giving off pgeudopodta, which eotniminltf 
liand out Uke rays, but may and do run into one another, atid »o 
{an» net-worhB.' — (Hnsley.) 

The three best known genera of the family are Sphcerozoiim, 
CofloqjAwro, and Tlialateieolla. They are ail marine, and vary 
in size fitnn an inch in diameter downwards. Spluerogoiim 
XHuigtfl essentially of a number of spherical sarcode bodies 
'<(Hmetiine8 called ' celhe-forin bodies ') with distinct nnctei, 
•omnmded by a zone of siliceous spicalea, the whole being 
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imbedded in a common gelatinons matrix. The centre of the 
mass IB vaonolated, aom^timeB to each an estent that it be 
comes a hollow spfaera. 

In Gollogphtsra the spherical bodj~~'Whioli ia Vtry like that 
of the preoedin^ fi»m — ^ia enolosed in a transparont siUceotiB 
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envelope, which is perforated by nnmerona ronnded apettnres 
or ' fenestrffl.' Tlus form, therefore, approaclios yery closely 
to the PolyeyeUna, especially to those m which the foramina 
are ao lai^ tiiat the teat is redaced to amereretioalateiTame' 
work (fig. S a). 

Thalassicolla differs little from either of the above in 
fundamental structure, bat it contains a number of compoand 
ailioeoas spicules imbedded in its ectosKro (Jig- 8 b). 



6P0NGIDA. 

Tbb true nature Of sponges has long been a matter of diapate, 
but they are now almost universally referred to the animal 
kingdom, and placed either in or near the Bhinopoda. Some 
obserrers still maintain the vegetable nature of sponges, but 
this opinion has no real grounds for its support, and is chiefly 
founded upon loose analogies and upon a certain similarity ia 
ontward form. 

The Bpongida may be defined as ' saroodg-hodieg, detlitute of 
a motUk, and united into a composite masB, which ig traiversed t^ 
eanalt opening on tha gurfaee, and is almost always supported 
fcy a frwmework of homy fibres, or of tiUoeom or eaieartout 
ipiewia,' — (Allman.) 
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From the aboye definition it will be seen that a sponge 
is composed essentially of two elements, a soft gelatinous 
investing * flesh,' and an internal supporting ft^mework or 
* skeleton.' 

Taking an ordinary homy sponge as the type of the order, 
we find it to be composed of a skeleton of horny reticulated 
fibres which interlace in every direction, and are pierced by 
numerous apertures, the whole surrounded externally and 
internally by a gelatinous glairy substance, like white of egg, 
the so-called * sponge-flesh.' The horny skeleton is composed 
of a substance called * keratode,' and is usually strengthened 
by spicula of lime or flint, which also occur less abundantly 
in the sponge-flesh. These must not, however, be confounded 
with the skeleton of the true calcareous or siliceous sponges 
in which the keratode is wanting. Of the apertures which 
penetrate the substance of the sponge in every direction, 
some are large crateriform openings, and are termed ' oscules,' 
or * exhalent apertures ; ' whilst others, which occur in much 
greater numbers, are greatly smaller in size and are termed 
•pores' or 'inhalent apertures.* The * sponge-flesh ' which 
invests the entire skeleton is found upon a microsopical 
examination to be entirely composed of an aggregation of 
rounded amoebiform bodies — the so-called * sponge-particles ' 
or * sarcoids' {fig, 2 c, d, c). Some of these are ciliated ; 
whilst others are capable of emitting pseudopodia from all 
parts of their surface, and are provided with nuclei, thus 
coming closely to resemble so many Amathce. Regarding the 
skeleton as something superadded, we may, in fact, look upon 
a sponge as being essentially nothing more than an aggrega- 
tion of Amoehcey since each ' sarcoid' is capable of procuring and 
assimilating food for itself in a manner strictly analogous to 
what we have seen in the Amceha, 

"In a living sponge a constant circulation of water is main- 
tained by means of an aquiferous system (fig. 9), which is 
constituted by the oscula and pores — already aUuded to — and 
by a fifystem of canals, excavated in the substance of the 
sponge, and uniting the two sets of apertures. The water 
passes in by the * pores' or inhalent apertures, and is con- 
Teyed by a series of canals — the *iucurrent' or * afferent' 
canals-^to a second series of tubes*— the *excurrent' or 
'efferent canals' — ^by which it reaches the * oscula' and is 
finally expelled from the body. These processes are regularly 
performed, and their mechanism was long a subject of specu- 
lation. It is now known, however, that beneath the superfi- 
cial layer or * dermal membiane ' of the sponge there exist 
chambers lined with sponge-particles which are provided 
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with vibratile filaments or cilia {fig. 9 c, c). The pores open 
into these chambers, and from them proceed the incurrent 
canals, each being dilated at its commencement into a sac, 
which is also lined with ciliated sponge-particles. By the 




Fig. 9. — Diagrammatic section of Spongilla (after Huxley), a a. Superficial 
layer or ' dermal membrane.* 6 6. Inhalent apertures or * pores.' e r. 
Ciliated chambers, d. An exhalent aperture or * oeculum.' The arrows 
indicate the direction of the currents. 

vibratile action of these cilia currents of water are cansed to 
set in by the pores, and as out-going currents proceed from 
the oscula a constant circulation of fresh water is maintained 
through the entire sponge. In this way each individual 
sponge-particle is enabled to obtain nutriment; the process 
being at the same time not improbably a rudimentary form of 
respiration. 

The reproduction of sponges may be effected either 
asexually or sexually, the following being a brief outline of 
the phenomena which have been observed in the common 
fresh- water sponge (Spongilla), in which the process has been 
most accurately noticed. 

In. the first or asexual method of reproduction, which takes 
place in the winter, the deeper portions of the sponge are 
found to be filled with small seed-like rounded bodies, 
termed 'gemmules' or * spores,' each of which possesses a 
small aperture or *hilum' at one point. Each gemmule ia 
composed of an outer coriaceous capsule surrounded by a 
layer of peculiar asteroid spicula, resembling two toothed 
wheels united by an axle, and termed ' ampMdiscs.* These 
amphidiscs are imbedded in sarcode, whilst their inner sur- 
faces rest upon the tesselated capsule already mentioned. 
The contents of the capsule are mostly sponge-particles which 
have developed ovules in their interior. When the spring 
comes, these 'ovi-bearing cells' are discharged through th^ 
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*liiluin.' of the gemmnle into the water, and the liberated 
ovules are developed into new Spongillce. 

Spongilla also appears to reproduce itself in a somewhat 
analogous manner by means of what are termed 'swarm- 
spores.* These are small bodies, containing reproductive 
germs, and provided with numerous cilia by which they move 
about actively, becoming finally attached to some solid body, 
and developing themselves into the adult sponge. 

In the second, or sexual, method of reproduction, certain of 
the sponge-particles or * sarcoids' separate themselves and 
become nucleolo-nucleated, thus coming to resemble ova. At 
the same time other sarcoids become motionless, and their 
contents become molecular and are finally converted into sper- 
matozoa. By the rupture of these and by the consequent 
contact of the different elements, embryos are produced, 
which are at first ciHated and move about freely, becoming 
eventually stationary and developing into new individuals. 

CiiAissiFiCATiON OP THE Sponges. — The Spongida have been 
variously classed, and a good natural arrangement is still a 
desideratwra. By Dr. Bowerbank they are somewhat arbi- 
trarily arranged in three orders, viz. the Keratosa, the Silicea^ 
and the Calcarea, of which the first is believed to hold the 
lowest place. In the Keratosa the skeleton is composed of 
interlacing homy fibres, usually strengthened by spicula 
either of flint or lime. In the Galcarea the skeleton is com- 
posed of carbonate of lime ; whilst in the Siliceous sponges it 
is composed either of spicules of silex, or * of solid, laminated, 
and continuous siliceous fibre.' The nature of the skeleton 
thus varies considerably, whilst the spicules show almost 
indefinite modifications of shape, though they are constant for 
any given species, in any given part of its organisation. 
The sponge-flesh is much more uniform in its nature and 
composition. It may be noticed, however, that in Spongilla 
the sponge-particles are filled with green granules, which are 
apparently identical in chemical composition with the green 
colouring matter of plants (chlorophyll). In Gram,tia, too, the 
sarcoids are famished with long filamentous appendages oi; 
cilia (fig, 2 d). 

Distribution op Sponges in Space. — Sponges are almost 
exclusively marine, and are of almost universal occurrence. 
The sponges of commerce are mostly obtained from the 
Gh^cian Archipelago and the Bahama Islands. Recently the 
existence of numerous siKceous sponges at great depths in 
the ocean has been demonstrated by Drs. Carpenter and 
Wyville Thomson. They are associated with numerous Fora- 
minifei^a and with Grinoidea^ the whole assemblage bearing a 
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aingnlarly close resemblance to the fauna of the Cretaceotis 
epoch. 

Distribution of Sponges in Time.— Remains of sponges 
are known to occnr in formations belonging to the Palaeozoic, 
Mesozoic, and Kainozoic epochs. The keratose or horny 
sponges are obviously incapable of leaving any evidence of 
their existence, otherwise than by the preservation of the 
spicnla with which the skeleton is famished ; and such are 
occasionally found, though they are of rare occurrence. The 
calcareous sponges are found from the Silurian rocks upwards, 
attaining their maximum in the seas of the Secondary epoch, 
the Chalk being especiaUy characterised by their presence. 
The most important group of fossil sponges is that known as 
the PetroepongiadoB, characterised by the possession of a 
stony reticulate" framework or skeleton, and by the absence 
of spicula. The most important genera of this group are 
Sparsispoiigia (Devonian) and Ventriculites (Chalk). 

Of the Paleozoic sponges, Archceoeyathus is found in the 
Potsdam sandstone of North America (Upper Cambrian ?) \ 
Palceospongia and Accmtkospongia are familiar Lower Silurian 
forms ; and Amphispongia and Fa/vospongia occur along with 
other forms in the Ludlow rocks. In the Devonian rocktf 
sponges occur pretty frequently, Bparsispongia being the 
commonest genus. (The Devonian Btegcmodictynm is really 
the cephalic buckler of a pteraspidean fish.) The most im« 
portant Mesozoic genera of sponges are Ventriculites and 
Siphonia ; and the order appears, upon the whole, to attain its 
Tpfl,ximTiTn in the Cretaceoas epoch. There seems no reason to 
doubt but that many of the ohalk-fiints owe their origin ta 
gponges ; and in some sections of flint are found ' minute 
spherical bodies covered with radiating and multicuspid 
Spines,' which have been termed Spiniferites or Xanthidda, and 
are probably the ' gemmules ' of sponges. (By some, how- 
ever, these bodies are regarded as being the 'sporangia' of 
Desmidice, an order of the Protopkyta,) Many Cretaceous and 
Tertiary shells are found to be mined by a species of boring 
sponge, which is nearly allied to the recent Oliona, 

Affinities of Sponges. — ^As already pointed out, the sponges 
are alHed both to the Ammhm and to the Forarrmvifera, Indeed 
the individual * sarcoids' or sponge-particles can scarcely be 
distinguished, when detached, from Amo&bm, The sponges 
show likewise a decided relationship to the Badiolaria ; and by 
Professor James Clark, they are believed to be nearly allied to 
the 'flagellate' Infusoria. 
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CHAPTER YI. 

INFUSORIA. 

ThS Infusoria of many writers comprise many of the lowest 
forms of plants — such as the Dta^oww— together with the 
Botifera, a class of minute animals now known to belong to the 
Armuloida, By modem writers, however, the term Infusoria 
lA used strictly to designate those Protozoa which possess A 
mouth and rudimentary digestive cavity. They are, .for thit 
reason, often called collectively the ' stomatode * Frotoxoa in 
eontradistinction to the remaining members of the sub-king- 
dom, which are all 'astomatous.' The name Infvsoria itselS 
k derived from the fact that the members of the class vave 
often developed in organic infusions. 

The Infusoria^ or Stomatode Pr.otozoa,mB,y be defined as Pro- 
tozoa which ard provided with a mouth and rudimentary digestive 
Siwity, which do not possess the power of emitting pseudopodia^ 
hut which a/re furnished with vibratile cilia, or with contractile 
filaments* They are mostly microscopic in size, wnd their bodies 
usually consist of three distinct layers. 

The Infusoria may be divided into three orders, viz* t^^Sue^ 
iovia^ GiUata, and Flagellata, of which the second comprises the 
majority of the members of the class, and alone requires much 
oonsideration. 

I. Order Ciliata. — This order comprises those Infusoria 
in which the outer layer of the body is more or less ahtmdantly 
furnished with vibratile cilia, which serve either for locomotion of 
for ihs procuring of food* As types of the order Faramcecimii 
and VorUcetla may be selected, the former being free, whilst 
the latter is permanently fixed in its adult condition. 

Paramcackvm {fig* 10 c) is a sHpper-shaped animalcule^ 
composed externally of a structureless transparent peUicle-— 
the ' cuticle,' which is lined by a layer of firm and consistent 
Barcode, which is termed the ' cortical layer,' or the *paren* 
• chyma of the body,' this in turn passing into a central mass 
of softer and more diffluent sarcode, loiown as the * chyme* 
tDASs,' or ' abdominal cavity.' The ' cuticle ' is covered with 
vibratile ciHa, and is perforated by the aperture of the mouth. 
The mouth leads into a funnel-shaped gullet, which is not 
continued into any distinct digestive sac, but is lost in the 
ooutrftl * chyme-mass.* Within the 'cortical layer' are the 
* nucleud ' and ' nucleolus,' and the ' contractile vesicle ' (or 
vesicles)^ The nudeust id a solid band or rod«shaped body, 
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having a small spherical particle applied to its exterior. This 
latter is the so-called 'nucleolus,' which must be carefully 
distinguisted fipom the nucleolus of a cell, which occurs in the 
interior of the nucleus. The contractile vesicles are clear 
spaces, which contract and dilate at intervals, and occasionally 
exhibit radiating canals passing into the surrounding sarcode. 
It has also been maintained that the contractile vesicles com- 
municate with the exterior of the body, but proofs are want- 
ing on this point. Whether this should ultimately be es- 
tablished or not, there can be little doubt but that the vesicles . 
are a rudimentary form of vascular apparatus. Certain other ♦ 
spaces termed ' vacuoles ' are generally visible in addition to 
the contractile vesicles. These, however, are probably merely 
collections of water surrounding the particles of ingested food, 
and performing with them a circulation in the abdominal 
cavity, something Hke the circulation of granules which is 
seen in certain vegetable cells. It was the appearance of 
these * vacuoles ' — which are certainly not permanent organs 
of any kind — ^which induced Ehrenberg to term the Irrfusoria 
the ' Polygastrica,* upon the beHef that they were so many 
stomachs. 

Faram<Bcium obtains its food by means of the currents of 
water which are set up by the constantly vibrating cilia. The 
nutritive particles thus brought to the mouth pass into the 
central abdominal cavity, along with the contents of which 
they undergo the circulation above spoken of. Indigestible 
and fsBcal particles appear to be expelled by a distinct anal 
aperture, which is situated near the mouth. 

Reproduction in Paramcecitmi is effected either non-sexually 
by fission (i.e, by a simple division of its substance) or by a 
true sexual process. In this latter method two Paramceda 
come together, and adhere closely to one another by their 
ventral surfaces. The * nucleus,' which is truly an ovary ^ 
enlarges, and a number of ovules are formed in its interior. 
In like manner, the ' nucleolus ' of each, which is really a testis 
or spermariimiy also enlarges, and develops in its interior a 
number of fusiform or rod-like bodies, which are believed to 
be spermatozoa. The nucleolus of each then passes into the 
body of the other, the act of transference being effected 
through the mouth. Contact of the two reproductive elements 
then ^kes place, and a number of germs are produced, which, 
after their liberation from the body of the parent, are de- 
veloped into adult Paramoecia, 

Vorticella is a beautiful flower-like Infusorian which is com- 
monly found in fresh wat«r, adhering to the stems of aquatic 
plants. It consists of a bell-shaped body, or * calyx,' sup- 
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{nrted upon the extremitj of a alender contractile stem or 
'pedicle.' The other extremity of the pedicle is fixed to some 
forei^ body, and its power of contraction is dne to the pre- 
wace in ite interior of a spiral contractile fibre, wUich is 
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lometimes called the ' stem-mnscle.' The edge of the bell, or 
calyx, is snrroonded by a projecting rim or border, called the 
'peristome,' within which is a circwlar surface, the 'disc,' 
forming the upper extremity of the so-called ' rotatory oi^n.' 
The disc is Burroonded by a fringe of vibratile cilia, forming a 
spiral line which is prolonged into the commencement of the 
digestive canal. 14'ear the edge of the disc ia aitnat«d the 
month, 'which conducts by its entrance or ' yestibulnm ' into 
a fiisiform canal or ' pharynx,' which terminates abmptly in 
tbe abdominal cavity. The particles of food are taken in at 
the month, descend throngh the short alimentary canal, and 
enter the abdominal cavity, where they are subjected t» the 
eeneral rotation of the * chyme-mass,' being finally excreted 
fay an anal apertnre which ia situated near the month. As in 
PaTa/maemitnt, the body in Vvrtieella is composed of an outer 
'cnticle,' a central 'chyme<mass,' and an intermediate 'cortical 
layer,* which contains a contractile Tesicle and a band-like 
nnclens. 
Beprodnction in VorticeUa may take place by fission, or by 
, or by a process of encystation and endogenous 
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division. In the first of these modes the calyx becomes in" 
dented in a longitudinal direction, viz. from the pedicle to the 
disc, and the groove thus formed becomes gradually deeper 
until the calyx is finally divided into two halves supported 
npon the same pedicle. On one of these cups a ' posterior * 
circlet of cilia is then formed in addition to the ' anterior * 
circlet already existing (i.e. a fringe of cilia is developed 
round that end of the calyx which is nearest the attachment 
of the pedicle and furthest from the disc). The cup, thus 
furnished with a circlet of cilia at both extremities, is then 
detached, and swims about freely. Finally the anterior circlet 
of ciHa disappears, and this end of the calyx puts forth a 
pedicle and becomes attached to some foreign object. A new 
mouth is now formed within what was before the posterior 
circlet of cilia ; so that the position and function of the two 
extremities of the calyx are thus reversed. 

In the second mode of reproduction, namely that by gem- 
mation, exactly the same phenomena take place, with this 
single difference, that in this case the new individual is not 
produced by a splitting into two of the adult calyx but by 
means of a bud thrown out from near its proximal extremity. 
This bud is composed of a prolongation of the cuticular and 
cortical layers of the adult with a csecal diverticulum of the 
abdominal cavity or chyme-mass. It soon develops a posterior 
circlet of cilia, the connection with the parent is rapidly con- 
stricted until complete separation is effected, and then the 
process differs in no respect from that described as occurring 
in the fissiparous method of reproduction. 

In the third mode of reproduction the Vorticella encysts 
itself in a capsule, the cilia and pedicle disappear, and the 
nucleus breaks up into a number of rounded germs which are 
ultimately liberated by the rupture of the cyst, and, after a 
short locomotive stage, develop themselves into fiish VorticellcB, 
How far this process may be truly sexual is not known, and 
no form of unequivocal sexual reproduction has hitherto been 
shown to occur in the case of Vorticella. 

Epistylis is a not uncommon form of fixed Infusorian which 
is nearly aUied to Vorticella^ and differs chiefly in the fact that 
the pedicle is much branched and is rigid and not contractile. 
Epistylis {fig. 10 a) usually occurs in the form of a greyish- 
white nap on the stems of water-plants, or on the head of 
the common water-beetle, the Bytiscvs marginalis. It consists 
of a plant-like branching and re-branching frond, the stems of 
which are quite transparent and faintly striated, but are not 
contractile, though capable of movement from side to side. 
Each branch of the entire colony terminates in a*n oval Cftljx, 
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articulated to the stem by a distinct joint, upon which it can 
move fix)naL side to side. The calyces ai*e oval or somewhat 
campaaulate, but have the power of altering their dimensions, 
»nd especially of contracting go as to shorten their anteroi. 
posterior diameter. Each calyx terminates distally in a 
slightly elevated annular aperture, the margins of which are 
regularly toothed. The calyx appears to be formed by a 
biiirdening of the cuticle, and to form a distinct case, with a 
double margin, inclosing the animal. The saroode body ent 
olosad within this outer envelope is of a light brown colour 
find fuH of minute granules, with larger food- vacuoles and a 
well-marked contractile vesicle, which contracts and dilates 
two or three times a minute. The animal can retract itself 
rmtirely within its cup, and can at will exsert a ciliated disc. 
This disc {fig. 10 6) is inversely conical and acts as a kind of 
plug, and it is provided with two tufts of long cilia, one on 
eaeh side. On one side of the protrusible disc is the oral 
tperture, which is continued by a distinct and well marked 
gullet into a central ill-defined cavity. Both the entrance of 
the gullet and the bottom of the central cavity are provided 
with very long, actively vibrating cilia, some of which are 
almost setiform. The entire granular contents of the abdo- 
jounal cavity undergoes a constant though slow rotation. 

Garchesimn is another form which is like Ejpistylis in oon- 
fd^ting of a number of calyces supported upon a branched 
pedicle, but differs from JEpisiylis and agrees with Vorticella in 
ik& fact that the pedicle is contractile. 

StentoTf or the trumpet-animalcule, is another common In- 
fiisorian which is closely related to Vorticella, It consists of a 
tmmpet-shaped calyx, devoid of a pedicle, but possessing the 
power of attaching and detaching itself at will. When de- 
tached it swims by means of the anterior circlet of cilia, just 
as the calyx of VorticeUa will, if broken from its stalk. In 
Vaginicola the essential structure is much the same as in 
VorticeUa, but the body is protected by a membranous or horny 
case (* carapace ' or ' lorica ') within which the animal can 
retire. 

Amongst the structures of the Infusoria which require some 
notice, are the 'pigment spot* and the ' tricho-cysts.' The 
pigment spot is a brightly coloured solid particle, generally 
red, of very common occurrence in many Infusoria, but of 
quite unknown fdnction. The * tricho-cysts ' are vesicular 
bodies, capable of emitting thread-like filaments, and greatly 
resembling the urti eating cells of many of the Godenterata. 
They have been detected in Bursaria, as well as in other 
members of this order. 
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n. Order Suctoria. — This order includes a series of In- 
fusorla of a very anomalons nature. In Acineta^ whicli may 
be taken as the type, the body is covered with a number of 
radiating filamentous tubes, which are furnished at their 
extremities with suctorial discs, and are capable both of exser- 
tion and retraction. These retractile tubes both seize the prey, 
and serve as vehicles for the ingestion of food ; hence the term 
•polystome,' or many-mouthed, has been proposed for the 
order by Professor Greene. 

m. Order Flagellata. — ^This order comprises those In- 
fusoria which, like Feridinium^ find their means of locomotion 
in long, flexible, lash-like filaments, termed * flagella ; * cilia 
occasionally being present as well. In some, as in P&ranema 
(fig, 10 e), there is only a single one of these appendages ; in 
others, as in Anisonema, there are two flagella ; whilst in 
Heteromastix and Pleurmietna we have forms apparently transi- 
tional between the CUiata and the Flagellata, since both cilia 
and flagella are present in these genera. In all their other 
essential characters, the flagellate Lifusoria do not differ from 
the more typical members of the class. 

NocTiLUCA. — Amongst the numerous organisms which con- 
tribute to the phosphorescence of the sea,* one of the com- 
monest is the animalcule known as Noctiluca (fig. 11), the 
true position of which has not yet been determined. It is 
nearly spherical in shape, having an indention, or * hilnm,* at 
one side, close to which is fixed a long filament, probably used 
in locomotion. The body consists of a * cuticle ' and ' cortical 
layer,* enclosing a central mass of sarcode. Near the filament 
there is a minute oral aperture leading into a short digestive 
cavity. A nucleus and vacuoles are also present. From the 
presence of a mouth and from its general structure, NoctWuca 
should be probably be looked upon as a flagellate Infy^cyrian, 
but it is placed by M. de Quatrefages amongst the Bhizopoda. 

Affinities of the Infusoria. — Though generally placed 
amongst the Protozoa, of which they form the highest division, 

♦ The diffused luminosity of the sea is mainly due to the NoctUiica 
miliaris ; Lut its partial luminosity is due to various phosphorescent animals, 
amongst which are the Physalia utrictdus (the Portuguese-man-of-war), 
MeditstPt Thnicata, Anndidts, &c. The cause of phosphorescence is variously 
stated, being supposed very generally to be caui^ed by a process of slow 
combustion analogous to that which takes place in phosphorus when ex- 
posed to the atmosphere. Upon the whole, however, it appears that the 
phenomenon is a vital process, consisting essentially in the conversion of 
nervous force (or vital energy) into light ; just as the same force can be 
converted by certain fishes into electricity. This transformation often 
requires a special apparatus for its production, but it appears to be some- 
times effected by the entire organism. 
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the positioii of tlie Tnfuioria cannot be looked upon as defi> 
mtely settled. There is a growing opinion amongst competent 
aathoritieB that the Infueoria should be entirely removed from 




miiiarit, greatly enlarged. 



the Protozoa, and that thej should he placed amongst the An- 
wuiinda, having their nearest allies in the Turbdla/ricm Worms. 
If this change be carried oat, the Infusoria and Botifera, which 
older natnt^ista gronped together, and which qiodeni ob- 
Bervers have placed widely apart, will be again brought nearly 
together. 
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C(ELENTERATA. 



-•ot- 



CHAPTER YII. 
THE SUB-KINGDOM CCELENTERATA, 

1. Characters of the Sub-Kingdom. 2. Divisions. 
3. General Characters op the Hydrozoa. 4. Ex- 
planation OF Technical Terms. 

The sub-kingdom Codenterata (Frey and Leuckliart) may be 
considered as the modern representative of the Badiaia of 
Cuvier. From the JRadiata, liowever, the Echvnodemiata and 
Scolecida have been removed to form the Amiuloida, the entire 
sub-kingdom of the Protozoa has been 1|iken away, and the 
Polyzoa have been relegated to their proper place amongst the 
Mollusca, Deducting these groups from the old Badiata, 
the residue, comprising most of the animals commonly known 
as Polypes or Zoophytes, remains to constitute the modern 
Coelenterata, 

The Codenterata maybe defined as ani/mals whose alimentary 
canal commwdcates freely with the general cavity of the body 
(^somatic cavity*). The substance of the body is made up of 
two fundamental membranes, an outer layer, called the ' ecto- 
derm,* and an inner layer, or ^ endoderm/ There are no 
distinct neural a/nd hmmal regions, and in the great majority of 
the members of the sub-kingdom there are no traces of a nervous 
system. Peculiar urticating organs, or * thread-cells,* are usually 
^'iveseht, and generally speaking a radiate condition of the organs 
is perceptible, especially in the tentacles with which most are 
provided. In all the Goelenterata distinct reproductive organs have 
been shovm to exist. By Professor Allman the Codenterata have 
been defined as follows : — ' Animals composed of numerous 
merosomes (body- segments), which are disposed radially round 
a longitudinal (antero-posterior) axis ; firequently with a 
determinable antero-posterior and dorso-ventral plane (bi- 
lateral) 5 a distinct body-cavity, which always communicates 
with the outer world through the mouth.' 

With regard to the fcindamental tissues of the Coelenterata, 
there exist two primary membranes, of which one forms the 
outer surface of the body, and is called the 'ectoderm;' 
whilst the other lines the alimentary canal, the general cavity 
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of tlie body, and the tubnlar tentacles, «nd is termed the 
* endoderm.' These membranes correspond with the primitive 
serous and mncons layers of the germinal area, and become 
differentiated in opposite dbreetions, the ectoderm growing 
from within ontwaids, the endoderm from without inwards. 
Each consists of numerous nuclear bodies, or ' endoplasts,' 
imbedded in a granular 'intercellular substance' or 'peri- 
plast ; ' and each may be rendered more or less complex by 
vacuolation or fibrillation. 

In connection with the integument of the Ccelenterata, the 
organs termed 'thread-cells' ('cnidsB,' or 'nematocysts') 
must be noticed. These are peculiar cellular bodies, of 
various shapes, which probably serve as weapons of offence 
and defence, and which communicate to many members of 
the sub-kingdom (e.^. the Jelly-fishes) their well-known 
power of stmging. In the common Hydra the thread-cells 
consist of ' oval elastic sacs, containing a long coiled filament, 
barbed at its base, and serrated along its edges. When folly 
developed the sacs are tensely filled with fluid, and the 
slightest touch is sufficient to cause the retroversion of the 
filament, which then projects beyond the sac for a distance, 
which is not uncommonly equal to many times the length of 
the latter.'* — (Huxley.) {Fig. 12 d.) The Goslenterata are 
divided into two classes, termed respectively the Hydrozoa 
and the Actiniozoa, 

Class I. Hydrozoa. 

The Hyd/rozoa are defined as Goslenterata in which the loalls 
of the digestive sac are not sejparated from that of the g&tieral 
body-cavity^ the two coinddvng tvith one another; the reprodtcc- 
tive organs are m the form of external processes of the hody-wall. 
{Fig. 12 a, 6.) 

It follows from the above, that, since there is but a single 
internal cavity, the body of a Hydrozoon on transverse section 
appears as a single tube, the walls of which are formed by 
the combined digestive and somatic cavity. 

The Hydrozoa are all aquatic, and the great majority are 
marine. The class includes both simple and composite 
organisms, the most familiar examples being the common 
Fresh- water Polype (Hydra), the Jelly-fishes {Medusce), and 
the Portuguese man-of-war (Fhysalia), Owing to the great 

♦ Thread-cells, though very commonly, if not universally, present in the 
Calenteraia, are nevertheless not pecuHar to them. Similar organs have 
been shown to exist in several of the Nudibranckiate Mollusca, as well as in 
some Annelides {Spio seticomis). There likewise exist analogous organs 
(trkhocysts) in several of the Infusoria^ and in the Plaiiaridn, 
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difficulty whicli is - ordinarily experienced by the student in 
mastering the details of this class of animals, it has been 
thought advisable to introduce here a short explanation of 
some of the technical terms which are in more general use 
in describing these organisms. 

General Terminology of the Hydrozoa. 

Individual, — ^We have already seen (see Introduction) that 
the term ' individual,* in its zoological sense, must he re- 
stricted to * the entire result of the development of a single 
fertilised ovum,' and that in this sense an individual may 
either be simple, like an Amosha, or may be composite, like a 
Sponge, which is produced by an aggregation of amoebiform 
particles. If all the parts composing an individual remain 
mutually connected, its development is said to be ' continu- 
ous ; * but if any of these parts become separated as indepen- 
dent beings, the case becomes one of * discontinuous ' de- 
velopment. 

Amongst the Hydrozoa, the individual may be either simple 
or compound, and the development may be either continuous 
or discontinuous, the following terms being employed to de- 
note the phenomena which occur. 

Hydrosoma. — This is the term which is employed to desig- 
nate the entire body of a Hydrozoon, whether it be simple, as 
in the Hydra, or composite, as in a Sertularian. 

Polypite, — The alimentary region of a Hydrozoon, is called 
a ' polypite ; ' the term ' polype ' being now restricted to the 
same region in the Actinozoa, In the simple Hydrozoa the 
entire organism may be called a 'polypite ; * but the term is 
more appropriately applied to the separate nutritive factors 
which together make up a compound Hydrozoon, 

Distal and Proximal, — These are terms applied to different 
extremities of the hydrosoma. It is found that one extremity 
grows more quickly than the other, and to this free growing 
end — at which the mouth is usually situated — the term 'distal' 
is applied. To the more slowly growing end of the hydrosoma 
— which is at the same time usually the fixed end — the term 
* proximal ' is applied. These terms may be used either in re- 
lation to a single polypite in the compound Hydrozoa, or to 
the entire hydrosoma, whether simple or compound. 

Coiiiosarc. — This is the term which is employed to designate 
the common trunk, which unites the separate polypites of any 
compound Hydrozoon into a single organic whole. 

Zo'&ids. — In continuous development the partially inde- 
pendent beings which are produced by gemmation or fission 
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by the primitive organism, to which they remain permanently 
attached, are termed ' zooids.' 

In discontinuous development, where certain portions of 
the 'individual' are separated as completely independent 
beings, these detached portions are likewise termed * zooids ; ' 
that which is first formed being distinguished as the ' pro- 
ducing zooid,' whilst that which separates fipom it is known 
as the * produced zooid.* In a great number of Hydrozoa 
there exist two distinct sets of zooids, one of which is destined 
for the nutrition of the cblony, and has nothing to do with 
generation, whilst the functions of the other, as far as the 
colony is concerned, are wholly reproductive. For the whole 
assemblage of the nutritive zooids of a Hydrozoon Professor All- 
man has proposed the term * trophosome,* applying the term 
' gonosome ' to the entire assemblage of the reproductive zooids. 
In such Hydrozoa, therefore, as possess these two distinct sets 
of zooids, the 'individual,' zoologically speaking, is composed 
of a trophosome and a gonosome. It follows from this that 
neither the trophosome nor the gonosome, however apparently 
independent, and though endowed with intrinsic powers of 
nutrition and locomotion, can be looked upon as an ' in- 
dividualy' in the scientific sense of this term. 



CHAPTER Vni. 
DIVISIONS OF THE HYDROZOA, 

Sub-class Hydeoida. 

The Hydrozoa are divided into four sub-classes, viz. the Hy- 
droida^ the Siphonophora, the Lucemarida, and the Discophora. 

Sub-Class I. Hydeoida. — This sub-class comprises those 
Hydrozoa which consist of an alimentary region or ^ polypite,^ 
which is provided with a/n, adherent disc, or ' hydrorhizay a/iid 
jprehensHe tentacles. 

In some few cases the hydrosoma is composed of a single 
polypite only, as in the HydMa and in some of the Gorynida ; 
but usually there are several polypites united together by 
means of a common trunk or * coenosarc,' as in most of the 
Gorynida and in the orders 8ertularida and Gampanularida. 
Further, in the great majority of cases the ' hydrorhiza ' is 
permanently attached to some foreign object. 

The Hydroida comprises four orders, viz. the Hydrida, the 
CorymdOf the SeHularida^ and the Campamdarida. 
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Order I. Hydrida (Oynmochroa, Hincks). — This order 
comprises those Hydrozoa whose ' hydrosoma ' consists of a 
single locomotive polypite, with tentacles and ' hydrorhiza ' and 
with reproductive organs which appear as simple external pre 
cesses of the body-walL The hydrorhiza is discoid, and no hard 
cuticular layer is at any time developed. 

The order Hydrida comprises a single genns only (Hjfdra)^ 
including the various species of 'Fresh-water Polypes/ as 




Tig. 12.— Morpholc^y of HydroBOA. a. Diagrammatic Rection of Hpdra. T&e 
^ark line is the ectoderm, the fine line and clear space adjacent are the 
endoderm. h. Hydra viridiSy showing a single OYttm contained in the 
body wall near the proximal extremity, and two elevations containing 
spermatozoa near the bases of the tentacles, e. Hydra vulgaris with an 
nndetached bod. d. Thread-cell of the Hydra, greatly magnified. 

they are often called. The common Hydra (Jig, 12 c) is 
found abundantly in this country, and consists of a tubular 
cylindrical body, the * proximal ' extremity of which is ex- 
panded into an adherent disc, or foot — the * hydrorhiza ' — by 
means of which the animal can attach itself to some foreign 
body. It possesses, however, the power of detaching the 
hycfrorhiza at will and thus of changing its place. At the 
opposite, or 'distal,' extremity of the body is placed the 
mouth, surrounded by a circlet of tentacles, which arise a 
little distance below the margin of the oral aperture. The 
tentacles vary in number firom ^Ye to twelve or more, and 
they vary considerably in length in different species, being 
much shorter than the body in the Hydra viridis, but being 
extremely long and filamentous m Hydra fusca. They are 
highly extensile and contractile, and serve as organs of pre- 
hension. Each consists of a prolongation of both ectoderm 
and endoderm, enclosing a diverticulum of the somatic cavity, 
and they are abundantly famished with thread-cells. Th& 
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cylindrical liydrosoiiia is excavated into a single large cavity, 
lined by tlie endoderm, and conmmnicating with the exterior 
by the month. This — ^the * somatic cavity' — is the sole di- 
gestive cavity with which the Hydra is provided, the in- 
digestible portions of the food being rejected by the mouth. 

The Hydra possesses a most exta-aordinary power of resist- 
ing mutilation and of multiplying artificially, when mechani- 
caUy divided. Into however many pieces a Hydra may be 
divided, each and all of these will be developed gradually into 
a new and perfect polypite. The remarkable experiments of 
Trembley upon this subject are well known, and have been 
often repeated, but space will not permit farther notice of 
them here. Reproduction is effected in the Hydra both 
asexually by gemmation and sexually, the former process 
being followed in sunmier, and the latter towards the com- 
mencement of winter, few individuals surviving this season. 
In the first method the Hydra throws out one or more buds, 
generally from near its proximal extremity. These buds at 
first consist simply of a tubular prolongation of the ecto- 
derm and endoderm, enclosing a csecal diverticulum of the 
body-cavity ; but a mouth and tentacles are soon developed, 
when the new being is usually detached as a perfect inde- 
pendent Hydra, The Hydrce thus produced throw out fresh 
buds, often before they are detached from the parent organism, 
and in this way reproduction is rapidly carried on. 

In the second or sexual mode of reproduction, ova and sper- 
matozoa are produced in outward processes of the body- wall 
(fig, 12 h). The spermatozoa are developed in little conical 
elevations, which are produced near the bases of the tentacles, 
and the ova are enclosed in sacs of much greater size, situated 
nearer the fixed or proximal extremity of the animal. Ordi- 
narilj there is but one of these sacs containing a single ovum, 
but sometimes there are two. When mature, the ovum is ex- 
pelled through the body-waU, and is fecundated by the sper- 
matozoa, which are simultaneously liberated. The embryo 
appears as a minute free-swimming ciliated body. The 
serous and mucous layers of the blastoderm (germinal area) 
correspond to the ectoderm and endoderm, and for the forma- 
tion of the perfect Hydra nothing further seems wanting than 
the modification of one end of the body into a hydrorhiza, and 
the formation of a mouth and tentacles at the other. 

Obdeb. IL Cortnida (= Tubularida, the Athecata of 
Hincks). — ^The order Gorynida comprises those Hydrozoa, whose 
hfdrosoma isfiased by a hydrorhiza, and consists either of a single 
polypOe^ or of several mdted by a ccenosarc, which usually deve^ 
lops a firm outer layer or ^polyjpary,^ No ^ hydrothecce* are 
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present * The reproductive organs are in the form of gono^ 
phoreSy which vary much in structu/re, and arise from the sides 
of the jpolypites, from the coenosa/rc^ or frmn gonohlastidiaJ — 
(Greene.) 

The hydrosoma of the Corynida may consist of a single 
polypite, as in Goryomorpha and Vorticlava, or it may be com- 
posed of several united by a coenosarc, as in Cord/yhphora 
(Jig. 13 a). The order is entirely confined to the sea, with 




Fig. 13.— Morphology of Corynida. a. Fragment of Oordylophora lacustris, 
slightly enlaxged. b. Fragment of the same considerably enlarged, showing 
a polypite and three gonophores in different stages of growUi, the largest 
containing ova. e. Portion of Syncoryne Sarsii with medosiform loSids 
budding frcnn between the tentacles. 

the single exception of Gord/ylophora, which inhabits fresh 
water. In Tuhularia and its allies the organism is protected 
by a well-developed external chitinous envelope, or 'poly- 
pary;' but in the other genera belonging to the order the 
polypary is either rudimentary, or is entirely absent. The 
polypary of the Gorymda, when present, is readily distinguished 
fix)m that of the Sertula/rida, by the fact that in the former it 
extends only to the base of the polypites ; whereas in the 
latter it expands to form little cups for the reception of the 
polypites, these cups being called ' hydrothecsB.* 

As regards the reproductive process in the Gorynida, the 
reproductive elements are developed in distinct buds or sacs, 
which are external processes of the body- wall, and have been 
aptly termed ' gonophores ' by Professor Allman. Great 
variations exist in the form and development of these gene- 
rative buds, and an examination of these leads us to some of 
the most singular phenomena in the entire animal kingdom. In 
some species of Hydractirda and Goryne^ the generative buds or 
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* gonopliores ' exist in their simplest form, namely as protn- 
berances of the endoderm and ectoderm, enclosing a diverti- 
culum of the somatic cavity. In this form they are attached 
to the * trophosome ' by a short stalk, and they are termed 

* sporosacs' {fig, 14 a). They are exactly like the buds which 
we have already seen to exist in the Hydra, with this difference, 
that they are not themselves developed into fresh polypites, 
but are simply receptacles in which the essential elements of 
generation — the ova and spermatozoa — are prepared, by the 
union of which the young Corynid is produced. 

In Oordylophora (fig, 13 6) a farther advance in structure is 
perceptible. The gonophore now consists of a closed sac, 
from the roof of which depends a hollow process or peduncle 
— ^the * manubrium ' — which gives off a system of tubes which 
run in the walls of the sac. For reasons which will be imme- 
diately evident, the gonophore in this case is said to have a 
'disguised' medusoid structure (fig, 14 6). 

In certain Gorynida, however, we meet with a still higher 
form of structure, the gonophores being now said to be 

* medusoid.' In these cases the generative bud is primitively 
a simple sac — such as the *sporosac' — ^but ultimately deve- 
lops itself into a much more complicated structure. The 
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Fig. 14.— Beprodnctive processes of Hydrozoa. a, Sporosac. b. Bi^uised medn- 
soid. c. Attached medusifovm gonophore. d. Free medusifonu gono- 
phore. The cross shading indicates the reproductive organs, ovaria or 
spermaria. The part completely black indicates the cavity of the manu- 
Iwium and the gonocalycine canals. 

gonophore (fig, 13 c) is now found to be composed of a bell- 
shaped disc, termed the * gonocalyx,' which is attached by its 
base to the parent organism (the trophosome), and has its 
cavity turned outwards. From the roof of the gonocalyx. 
Eke the clapper of a bell, there depends a peduncle or 
'manubrium,' which contains a process of the somatic cavity. 
The manubrium gives out at its fixed or proximal end four 
prolongations of its cavity, in the form of radiating lateral 
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tubes, wliich run to the margiii of the bell, where they com- 
mnnicate with one another by means of a single circular canal 
which surrounds the mouth of the bell. This system of tubes 
constitutes what is known as the system of the * gonocalycine 
canals.' The gonophore, thus constituted, may remain per- 
manently attached to the parent orgiEinism, as in Tuhutaria 
indivisa (fig, 14 c) ; but in other cases still farther changes 
ensue. In the higher forms of development (fig. 14 d) the 
manubrium acquires a mouth at its free, or distal, extremity, 
and the gonocalyx becomes detached from the parent. The 
gonophore is now free, and behaves in every respect as an 
independent being. The gonocalyx is provided with mar- 
ginal tentacles and with an inward prolongation from its 
margin, which partially closes the mouth of the bell, and is 
termed the *vefl' or * velum.' By the contractions of the 
gonocalyx, which now serves as a natatorial organ, the gono- 
phore is propelled through the water. The manubrium, with 
the shape, assumes the functions of a polypite, and its cavity 
takes upon itself the office of a digestive sac. Growth is 
rapid, and the gonophore may attain a comparatively gigantic 
size, being now absolutely identical Ayith one of those 
organisms which are commonly called * jelly-fishes,' and are 
technically known as Medusce (fig, 20 a). In fact, as we 
shall afterwards see, most, if not all, of the gymnophthalmate 
MedvscEfi originally described as a distinct order of free- 
swimming Hydrozoa, are in truth merely the liberated genera- 
tive bp-ds, or * medusiform gonophores,' of the permanently- 
rooted Hydroids, Finally, the essential generative elements — 
the ova and spermatozoa — are developed in the walls of the 
manubrial sac, between its endoderm and ectoderm, and 
embryos are produced. These embryos, however, instead of 
resembling the organism which immediately gave them birth, 
develop themselves into the fixed Gorynid from which the 
gonophore was produced, thus completing the cycle. 

As we have seen, the generative*buds of the Corynida may 
exist in the following forms : — 1. As * sporosacs,' or simple 
closed sacs, consisting of ectoderm and endoderm, with a 
central cavity in which ova and spermatozoa are produced. 
2. As * disguised medusoids,* in which there is a central 
manubrial process and a rudimentary system of gonocalycine 
canals ; but the gonocalyx remains closed. 3. As complete 
medusoids, which have a central manubrium, a complete 
system of gonocalycine canals, and an open gonocalyx ; but 
which never become detached. 4. As perfect medusiform 
gonophores, which are detached, and lead an independent 
existence for a time, until the generative elements are matured. 
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In whichever of these forms the gonophore may be present, 
the place of its origin from the trophosome may vary in 
different species of the order. 1. They may arise from the 
sides of the polypites, as in Goryne and Stanridia, 2. They 
may be produced from the coenosarc, as in Gordylophora, 
3. They may be produced upon certain special processes, which 
are termed ' gonoblastidia,' as in Hydrdctinia and Diccyt-yne. 
These gonoblastidia are processes from the body-wall or 
ccenosarc, which closely resemble true polypites in form, but 
differ from them in being usually devoid of a mouth, and in 
having shorter tentacles. 

As regards the development of the Gorynida, the embryo 
is very generally, though not always, ciliated at first, and 
becomes developed into a hydra-form poly^ite, which fixes 
itself to some foreign body, and then (if not belonging to one 
of the simple forms) proceeds to produce by gemmation the 
compo^ite adult. The development of the Gorynida (as well 
as that of the Sertularida and Imcemarida) obeys the general 
law that the new polypites are developed at, or near, the 
distal end of the hydrosoma ; so that the distal polypites are 
the youngest, the reverse of this obtaining amongst the 
oceanic Hydrozoa, 







jUg^ 16.— Gorynida. Fragment of Eudendnum rameumt enlarged. 

The subject of the reproduction of the Gorynida having 
been treated at some length, so as to apply to the remaining 
Hydrmda, we shall now give a brief description of the two 
leading types of structure exhibited by the order. 

Eudendritmi, a genus of the Gorynida, which is not un- 
commonly found attached to submarine objects, usually in 
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tolerably deep water, may be token m a good example of the 
fixed and composite diviBion of the order. The hydroaoma 
consista of numerous polypit«a, united by a cceuos&rc, which 
is more or leas branched, aud is deteuded by a homy tubular 
polypary. The polypites are borne at the ends of the branches 
and brancfaleta, and are uot contained in ' hydrothecse,' the 
polypary ending abruptly at their bases. The polypites are 
non-retractile, of a reddish colour, and provided with about 
twenty tentacles, arranged round the mouth in a single 
row (Jig. 15), Tvhularia ia very similar to Eiidendrimii, 
but the hydroaoma is either undivided or is very slightly 
branched. 

Coryomorpha fMinmt may be taken to represent those Gory- 
tiida in which Ihere is no polypary and the hydrosoma is 
simple. It is about four inches in length, and ia fixed \n 
filamentous roots to the sand at the bottom of the sea. It 
consists of a single whitish polypit«, striped with pink, and 
terminating upwards in a pear-shaped head, round the thickest 
part of nmch is a circlet of &om forty to fifty long white 
tentacles. Above these comes a series of long branching 
gonoblastidia, besjing gonophores, toid succeeded by a second 
Bhorter set of tentacles wnich surround the month. The 
gonophores become ultimately detached as free-swimming 
medusoids. 

Okdbb III. Sebtolabida (TAecajiAflJ-o, Hincks.) — Thisorder 
comprisBfl thoseHydrozoa 'whoee hijdrosoma Ujiaed hy a hyd^- 
Thiza, and (xmsistt ofeev&ral 
poh/piteg, protected hy hy- 
drofhecm, and coimected by 
a cosnosarc, which m ugu- 
aUy branched and invested 
hy a very firm, outer layer. 
"" ' " orgoMS in the 
jhoreg arieing 

(Greene.) 
The Serbdarida resem- 
ble the Corynida in beco- 
ming permanently fixed 
after their embryonic con- 
dition by a bjdrorhiza, 
which is develojjed from 
the proximal end of the 
coenoBarc ; bat they difier 
in the fact that the poly- 
pites are invariably protected by ' hydrothecBB,' or little bup- 




form of g 
from the 
ganoblaetidi 
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like expanaiona of the polypary {fig*. 17, 18); wLHst the 
hydrosumaia in allcaaes oompoaedof more thau » single poly- 
pit«. The cceaoearc gene- 
rally consiata of a main 
atem — or ' hydrocanlas ' 
— with many branches ; 
and it ia bo plant-like in 
ftppearance that the com- 
mon Sertulariana are al- 
most always mistaken for 
sea-weeds by Tisitors at 
theseaaide. It is invested 
by a strong oomeoua or 
ohitiTtonB covering, often 
termed the ' periderm.' 

The polypitea are aessile 
or Bnbsessile, h^dra-form, 
a«dijt all essential respects 
identical with those of the 
Oorynida, though asnally 
smiUler. The tentacles a 




Kg. n.-i 



e plaped below the mouth, and have 
1 indistinctly alternate arrangement. The generative bnds 
(gonophorea or ovanan vesicles) are nsaally sapported upon 
gonoblaatidia, and aeldom, if ever, become detached in the 
bue Sertnlarida. They are often developed in chitinons recep- 
tacles known aa 'gonothecie' (fig. 18). The yonng Serta- 





Urian on escaping from the ovnm appears as a &ee-flwimm'!ng 
ciliated body, which soon loaea its cilia, fixes itself, and deve- 
lope a yonng ccenoaarc, by gemmation from which the 
bundling hydroaoma of the periect organism is produced. 
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In Plumvlaria and some of its allies there occur certain 
peculiar organs, probably offensive, to which the name of 
' nematophores' has been applied. Each of these consists of 
a process of the coenosarc, which is invested by the horny 
polypary, with the exception of the distal extremity, which 
remains uncovered, and contains many large thread-cells 
imbedded in it. 

Order IV, Campanularida. — The members of this order 
are closely allied to the Sertularida ; so closely, indeed, that 
they are very often united together into a single group. The 
chief difference consists in the fact that the hydrothecse of 
the Campanularida with their contained polypites are sup- 
ported upon conspicuous stalks, thus being terminal in 
position ; whilst in the Serttdarida they are sessile or sub- 
sessile, and are placed laterally upon the branchlets. The 
gonophores also in the Campanularida are usually detached as 
iree-swimming medusoids, whereas they remain permanently 
attached in the Sertularians, The ova in the medusiform 
gonophores are usually developed in the course of the gono- 
calycine canals, and not between the ectoderm and endoderm 
of the manubrium, as is the c^-se in the Gorynida. Examples 
of the order are Campanularia, Laomedea, &c. The distinc- 
tions between the 8*"irtularida and Campanularida are certainly 
insufficient to justify their being placed in separate orders. 
If united together, it would probably be best to adopt the 
name TJiecaphora (Hincks) for the order, and to employ the 
names Serttdarida and Campanularida for the sub-orders. 



CHAPTER IX. 
8IPH0N0PH0RA. 



Sub-class II. Siphonophora. — The members of this sub- 
class constitute the so-called ' Oceanic Hydrozoa ; ' and are 
characterised by the possession of a */ree and oceanic hydrosoma, 
cmisisting of several polypites united by a flexible, contractile, 
wihranched, or slightly branched coenosarc, the proximal end of 
which is usually furnished with ^^ nectocalyces,** and is dilated 
into a ^* somatocyst,^^ or into a ^^ pneumatophoi^eJ*^ ^ — (Greene.) 

All the Siphonophora are unattached, and permanently free, 
and all are composite. They are singularly delicate organisms, 
mostly found at the surface of tropical seas, the Portuguese 
man-of-war (Physalia) being the most femiliar member of the 
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groap. The sab-class is divided into two orders, viz, the 
Cah/eophoricUB and the PhysophoridcB. 

Okdek I. Caltcophobid£. — This order includes those 
Siphonopkora whose hydroaoma ia free amd oceanic, and is pro- 
pelled by ' nectocaiycea' attached to its proximal end. The 
hydrotfmM coneieta of general polypiten, vnited by o/a v^lmmched 
eeenoiarc, which is highly flexible and cmitraotile, axid never 
develops a hard auUcalwr layer. The proxmnal end of the 
h^droaoma it modified hiio a peculiar canity called the " gomato- 
cyat." The reprodiictive organs are in the fortn of medfudform 
gonophorea produced by budding from tlie pedimclee of the 
polypitea. 

In all the GaiycophoridtB the coenosarc is filiform, C7lin- 
drical, nnbranched, and highly contractile, this last property 
being dne to the presence of abnndant mnscular fibres, ' The 
proxiiiial end of the coenosarc dilates a little, and becomes 
cUiated intemaLly, fbnnin^ a smaO chamber' which communi- 
cates with the nectocalycine canaU. ' At its upper end this 




h- SumaCocjF , 
goaopbore ; /, Polypi 
— =-'— d, the light 



chamber is a little constricted, and so passes, by a more or lees 
narrowed channel, into a variouslj- shaped sac, whose walls 
ve directly continuons with its own, and which will hence- 
Ibmard be termed the aomatucyst (fig. 19, 3 b). The endo- 
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d^rm of this sac is ciliated, and it is generally so immensely 
vacuolated as almost to obliterate the internal cavity and give 
the organ the appearance of a cellular mass.' — (Huxley). The 
polypites in the Galycf)phoridoB often show a well-marked divi- 
sion into three portions, termed respectively the proximal, 
median, and distal divisions. Of these, the 'proximal' division 
is somewhat contracted, and forms a species of pednncle, 
which often carries appendages. The * median' portion is the 
widest, and may be termed the ' gastric division,' as in it the 
process of digestion is carried on. It is usually separated 
from the proximal division by a valvular inflexion of the 
endoderm, which is known as the * pyloric valve.' The poly- 
pites have only one tentacle * developed near their basal or 
proximal ends, and provided with lateral branches ending in 
saccular cavities,' and furnished with numerous thread-cells. 
The proximal ends of the polypites also bear certain over- 
lapping plates, of a protective nature, which are termed 

* hydrophyUia,' or * bracts.' They are composed of processes 
of both ectoderm and endoderm (fig, 19, 3 d), and they always 
contain a diverticulum from the somatic cavity, which is called 
a * phyllocyst.' The Galycophoridce always possess swimming- 
bells, or *nectocalyces,' by the contractions of which the 
hydrosoma is propelled through the water (fig, 19, 2). The 
nectocalyx in structure is very similar to the ' gonocalyx' of 
a medusiform gonophore, as. already described ; but the former 
is devoid of the gastric or genital sac — the 'manubrium'-— 
possessed by the latter. Each nectocalyx consists of a bell- 
shaped cup, attached by its base to the hydrosoma, and pro- 
vided with a muscular h'ning in the interior of its cavity, or 

* nectosac.' There is also always a * velum,' or * veil,' in the 
form of a membrane attached to the mouth of the nectosac 
round its entire margin, and leaving a central aperture. The 
peduncle by which the nectocalyx is attached to the hydro- 
soma conveys a canal from the somatic cavity, which dilates 
into a ciliated chamber, and gives off at least four radiating 
canals, which proceed to the circumference of the bell, where 
they are united by a circular vessel ; the entire system consti- 
tuting what is known as the system of the * nectocalycine 
canals.' In the typical Cah/cophoridce two nectocalyces only 
are present, but in some genera there are more. In Pray a the 
two nectocalyces are so apposed to one another that a sort of 
canal is formed by the union of two grooves, one of which 
exists on the side of each nectocalyx. This chamber, which 
is present in a more or less complete form in all the genera, is 
termed the ' hydrcecium,' and the ccenosarc can be retracted 
within it for protection. 
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The reproductive bodies in the Galycophoridce are in the 
form of medusiform gonophores, which are budded from the 
peduncles of the polypites, becoming, in many instances, 
detached to lead an independent existence. In some Gal/yco- 
phoridcBj as in Abyla^ * each segment of the ccsnosarc, provided 
with a polypite, its tentacle, reproductive organ, and hydro- 
phyllium, as it acquires a certain size, becomes detached, and 
leads an independent life — the calyx of its reproductive organ ' 
serving it as a propulsive apparatus. In this condition it may 
acquire two or three times the dimensions it had when 
detached, and some of its parts may become wonderfully 
altered in form.' — (Huxley.) To these detached reproductive 
portions of adult Gahcophoridoe the term * Diphyozooids ' has 
been appHed. 

As regards the development of the Gah/cophoridoBy *not 
only the new polypites, but the new nectocalyces and repro- 
ductive organs, and even the branches of the tentacles, are 
developed on the proximal side of the old ones ; so that the 
distal appendages are the oldest.' — (Huxley.) The process 
of development is, therefore, the reverse of what obtains 
amongst the Hydrcdda, 

Biphyes, which may be taken as the type of the Galyco- 
phondcB^ consists of a delicate filiform coenosarc, provided 
proximally with two large mitre-shaped nectocalyces, of which 
one lies entirely on the distal side of the other. The pointed 
apex of the distal nectocalyx is received into a special cavity 
in the proximal nectocalyx. The *hydroecium' is formed 
partially by this chamber in the nectocalyx, and partially by 
an arched groove prolonged upon the inner surface of the 
distal nectocalyx, within which the coenosarc moves freely 
up and down, and can be entirely retracted if necessary. The 
npper part of the coenosarc dilates into a small ciliated cavity, 
from which are given off two tubes, which proceed respectively 
to the distal and proximal nectocalyces, where they open 
into the central chamber fix)m which the nectocalycine canals 
take their rise. The upper portion of this small ciliated 
cavity is prolonged proximally into the larger chamber of the 
* somatocyst.' The coenosarc bears polypites, each of which is 
protected by a delicate glassy * hydrophyUium.' 

DIYISIOKS OP THE CALTCOPHOEIDiE. — (aFTEE HUXLEY.) 

Fam, I. BvphydiB, — ^Nectocalyces not more than two in number, and of 
a polygonal shape. Hydrcecinm of the proximal nectocalyx complete, or 
closed posteriorly. Hydrophyllia well developed. 

Fam, II. Spharonectidcg, — Nectocalyces probably not more than two in 
number ; the proximal nectocalyx spheroidal, with a complete hydroecium. 
No hydrophyllia (?). 

YOL. I. G 
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Fam. III. BrayidcB, — ^Nectocalyces two in number ; hydroBcia incomplete 
and groove-like. Polypites protected by hydrophyllia. 

Fam, IV, HippopodidcB. — Nectocalyces numerous ; hydrcBcia incomplete. 
Polypites not protected by hydrophyllia. 

Order II, PHYSOPHORiDiS. — This second order of the Oceanic 
Hyd/rozoa comprises those Siphonophora, m which the hydro^ 
soma consists of several polypites united hy a flexible, contractile, 
' v/nhra/nched or very slightly bra>nched coenosarc, the proximal 
extremity of which is modified into a ^ pneumatophc/re,^ and is 
sometimes provided with ^nectocalyces,^ The polypites have 
either a single basal tentacle, or the tentacles arise directly from 
the co&iwsarc, ^ Hydrophyllia^ are commonly present The. 
reproducti/ve organs are developed upon gonobla^tidia. 

The ccenosarc in the Physophoridce, like that of the Galyco* 
phoridce, is perfectly jlexible and contractile ; but it is not 
necessarily elongated, being sometimes spheroidal or discoidal. 
The proximal end of the coenosarc * expands into a variously 
shaped enlargement, whose waUs consist of both ectoderm 
and endoderm, and which encloses a wide cavity in free com- 
munication with that of the coenosarc, and, like it, fall of the 
nutritive fluid. From the distal end, or apex, of this cavity 
depends a sac, variously shaped, but always with tough, 
strong, and elastic walls, composed of a substance which is 
stafced to be similar to chitine in composition, and more or 
less completely filled with air.' — (Huxley.) The large proximal 
dilatation of the coenosarc is termed the ' pneumatophore,' 
whilst the chitinous air-sac which it contains is termed the 
* pneumatocyst' (fig, 19, 1). The pneumatocyst is held in 
position by the reflection of the endoderm of the pneumato- 
phore over it, and it doubtless acts as a buoy or ' float.' In 
the Portuguese man-of-war (PhysaUa) the pneumatocyst 
communicates with the exterior by means of an aperture in 
the ectoderm of the pneumatophore. In Velella and Porpita 
the pneumatocyst communicates with the exterior by means 
of several openings called ' stigmata ; ' and from its distal 
surface depend numerous slender processes, contaiuing air, 
and known as ' pneumatic filaments.' 

The polypites of the Physophoridce i-esemble those of the 
Calycophoridce in shape, but the tentacles have a much more 
complicated structure, and are sometimes many feet in length, 
as in Physalia, The * hydrophyllia' have essentially the same 
structure as those of the former order. There occur also in 
the Physophoridce certain peculiar bodies, termed * hydrocysts' 
or 'feelers' ('fiihler' and 'taster' of the Germans). These 
resemble immatare polypites in shape, consisting of a pro- 
longation of both ectoderm and endoderm, usually with a 
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tentacle, and containing a diverticnlnm of the somatic cavity, 
the distal extremity being closed, and famished with nume- 
rous large thread-cells. They are looked upon as ' organs of 
prehension and touch,' and they are somewhat analogous to 
the * nematophores ' of some of the Sertularida, 

As regards the reproductive organs, they are developed 
upon special processes or ' gonoblastidia,' and they may re- 
main permanently attached, or they may be thiown off as 
free-swinmiing medusoids. In many of the Physophoridce the 
male and female gonophores differ fi-om one another in form 
and size, and they are then termed respectively ' androphores ' 
and * gynophores.' As regards their development the Physo- 
phoridce obey the same geneitd law as the Galycoph^mdce, 

In Pkysophara the hydi'osoma consists of a filiform cceno- 
sarc, which bears the polypites and their appendages, and 
dilates proximally into a pneumatopbore. Below this point 
the coenosarc bears a double row of nectooalyces, which are 
channelled on their inner faces to a.Uow of their attachment to 
the coenosarc. There are no hydrophyllia, but there is a series 
of * hydrocysts ' on the proximal side of the polypites. 

Physalia, or the Portuguese man-of-war, is composed of a 
large, bladder-like, fasiform ' float ' or pneumatopbore — 
sometimes from eight to nine inches in length — upon the 
under surface of which are arranged a number of polypites, 
together with highly contractile tentacles of great length, 
* hydrocysts,' and reproductive organs. Physalia is of com- 
mon occurrence, floating at the surface of tropical seas. 

In Velella the hydrosoma consists of a widely expanded 
pneumatopbore of a rhomboidal shape, carrying upon its upper 
snffetce a diagonal vertical crest. Both the horizontal disc 
and the vertical crest are composed of a soft marginal * limb,' 
and a central more consistent ' firm part.' * To the distal sur- 
tace of the firm part of the disc are attached the several ap- 
pendages, including, 1. a single large polypite, nearly central 
in position ; 2. numerous small gonoblastidia, which resemble 
polypites, and are termed " phyogemmaria ; " and 3. the re- 
productive bodies to which these last give rise. The tentacles 
are attached, quite independently of the polypites, in a single 
series along the line where the firm part and Hmb of the disc 
unite. There are no hydrocysts, nectooalyces, or hydrophyllia. 
On all sides the Hmb is traversed by an ana- 
stomosing system of canals, which are ciHat/ed, and com- 
municate with the cavities of the phyogemmaria and large 
central polypite.' — (Greene.) Velella is about two inches in 

length by one and a half in height. It is of a beautiful blue 

g2 
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colour and semi-transparent, and it floats at the surface of the 
sea, with its vertical crest exposed to the wind as a sail. 

DIVISIONS OF PHYSOPHOI^JB. — (AFTER HUXLEY.) 

Fam. I. ApolemiadcB. — Hjdrosoma with nectocalyces and hydrophyllia, 
the latter united with the other organs into groups, which are arranged at 
considerable intervals along the ccenosarc. Coenosarc filiform. Fneumatocyst 
small. 

Fam. II. Stephanomiada, — Hydrosoma with nectocalyces and hydro- 
phyllia, the latter arranged with the other organs in a continuous series. 
Ccenosarc filiform. Fneumatocyst small. 

Fam. III. PhvsophoridcB. — Hydrosoma with nectocalyces, but without 
hydrophyllia. Distal end of the filiform ccenosarc dilated. Fneumacocyst 
small. 

Fam. IV. AthoryUda. — Hydrosoma without nectocalyces, but with hy- 
drophyllia. Fneumatocyst occupying almost the whole of the globular 
ccBDosarc. 

Fam. V. Bhiz(yphysiad(B. — Hydrosoma without either nectocalyces or 
hydrophyllia. Ccenosarc filiform. Fneumatocyst small. 

Fam. VI. Physaliada. — Fneumatocyst occupying almost the whole of the 
thick and irregularly fusiform ccenosarc. No nectocalyces or hydrophyllia. 

Fam. VII. Velelltda. — Hydrosoma without nectocalyces or hydrophyllia ; 
with short, simple, or branched, submarginal tentacles. A single central 
principal polypite. Fneumatocyst flattened, divided into chambers by 
numerous concentric partitions, and occupying almost the whole of the 
discoidal ccenosarc. 



CHAPTER X. 
DISCOPHORA, 



Sub-class III. Discophora (Acalejphw* in part). — Since 
this snb-class contains only a single order, that of the 
MedTisidce, a single definition necessarily suffices for both. 
The MedusidcB are defined as * Hydrozoa whose hydrosoma is 
free cmd oceamc, consisting of. a single nectocalyx^ from the roof of 
which a single polypite is suspended. The nectocaVyx is furnished 
with a system of canals. The reproductive organs are as pro- 
cesses either of the sides of the polypite or of the nectocalycine 
canals,* — (Ghreene.) 

* The old sub-class of the Acalephm contained the G-ymriophthalmate 
MeduscB ( = the Discophora), and the Sieganophthalmate Medtt&cB ( « the 
Lticernarida in part), the two being placed in a single order under the 
name of Pulmograda, The AcalephcB also contained the Ctenophora and the 
CalycophoridcB and Physophorid<By of which the former constituted the 
order CUiograda, whilst the two latter made up the order Physograda, The 
Ctenophora, however, are now generally placed amongst the Actinozoa, 
whilst the Calycophorida and Physophoridcs constitute the Hydrozoal sub- 
class Siphonophora, 
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The MedvsidtB comprise most of the or^anismB commonlj' 
known as Jelly-fisheB or Se»-iiettles, the last name being de> 
rived &om. tie property which many of them poBseaa of 
severely stiagmg the hand, this power being dne to the pre- 
sence of iiiLmeroiis thread-cells. Aa employed by modem 
natoialists, the order is very mnch restricted, and it is by no 
means improbable that it will ultimately be entirely done 
away with, very many of its members having been shown to 
be really the free generative buds of other Hydrozoa. As 
naed here, it corresponds to part of the QijmJiopJdlMlmate 
MedugcB of Professor E. Forbes, the Steganapkthalmate Mmlusie 
of the same author being now placed in the sab-class Lucenia- 
rida. 

The hydrosoma of one of the DUcopliora (= a Gymnoph- 
tbahnate MedMsa) -is composed of a single gelatinous bell- 
ahaped swimming orgwi, the ' nectocalyi ' or ' disc,' from the 
roof of which a single polypite is suspended {jig.^Q). The in- 




Flg, aO.— Morphology of 

BbfiwlDg the central polyplt«, tt ^. 

tlie mHrginAl t«1c]w and L«ntaclea, AnA the n-pruuLicHvv utkudh, d. ±aa 
mne Tlrewed from below. The dotted line hidlcMes tbe margia ol the 

terior of the nectocalyx is of1«a called tbe ' nectosac,' and the 
term ' codonostoma ' has been proposed to designate the open 
month of Hie bell. The margm of the nectoctSys is produced 
inwards to form a species of shel^ running round the margin 
of the month of the bell, and termed the 'veil' or 'velum,' 
W the presence of which the nectocalyx ia distinguished from 
me somewhat similar ' umbrella ' of the Lucentarida, The 
endodsrmal lining of the central polypite or ' manubrium ' 
(sometimes called the ' proboscis) is prolonged into four 
radiating canaia, which run to the periphery of the necto- 
calyx, whore they are connected by a circular canal which 
runs round its circumference, the whole constituting the 
system of the ' neciocalycine canals ' (formerly called the 
'chylaqueona canals'). From the circumference of the necto* 
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calyx depend marginal tentacles, which are usually hollow 
processes, composed of both ectoderm and endoderm, and in 
immediate connection with the canal system. Also round the 
circumference of the nectocalyx are disposed certain 'mar- 
ginal bodies,' of which two kinds may be distinguished. Of 
these the first are termed * vesicles,' and consist of rounded 
sacs lined by epithelium, and containing one or more solid, 
motionless concretions — apparently of carbonate of lime — 
immersed in a transparent fluid. The second class of marginal 
bodies, variously termed * pigment spots,' * eye-specks,' or 
* ocelli,' consists of little aggregations of pigment enclosed in 
distinct cavities. The 'vesicles' are probably rudimentary 
organs of hearing, and possibly the eye-specks are a rudi- 
mentary form of visual apparatus. The oral margin of the 
polypite may be simple, or it may be produced into lobes, 
which are most frequently four in number. The essential 
elements of generation are produced in simple expansions 
either of the wall of the manubrium or of the radiating necto- 
calycine canals. 

From the above description it wiU be evident that the 
Medttsa is in all essential respects identical in structure with 
the free-swimming generative bud or gonophore of many of 
the fixed and oceanic Hydrozoa, Indeed, a great many forms 
which were previously included in the Med/usidce have now 
been proved to be really of this nature, and it may fairly be 
doubted if this will not ultimately be found to apply to all. 
As to the value, however, of the order Medimdce, the present 
state of our knowledge is well expressed by the following con- 
clusions which have been drawn up by Professor Greene :-^ 

'1. That several of th.e organisms formerly described as 
MednMce are the free gonopbores of other orders of Hydrozoa, 

* 2. That the homology of these free gonophores with those 
simple expansions of the body- wall which in Hydra and some 
other genera are known to be reproductive organs by their 
contents alone, is proved aKke by the existence of numerous 
transitional forms and by an appeal to the phenomena of their 
development. 

* 3. That many of the so-called MedtLsidm may, fi^om analogy, 
be regarded as, in like manner, medusiform gonophores. 

' 4. But that there may exist, nevertheless, a group of 
Medudd forms, which may give rise by true reproduction to 
organisms directly resembfing their parents, and tberefore 
worthy of being placed in a separate order under the name 
Meditsidos.^ 

The same authority concludes by remarking that to the order, 
as above defined, * may be referred provisionally that large 
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assemblage of forms anatomically similar to true MedMsidce, 
but whose development is imknown.* Besides the large group 
of forms thus temporarily admitted, all the Trachynemidce and 
MginidcB are stated by Gegenbauer to fulfil the conditions of 
the above definition, and should, therefore, be looked upon as 
true Medtmdce, 

As to the development of these true Medusidce, little is 
known for certain. It appears, however, that in Trachynema, 
^ginopsis and other genera the embryo is directly developed 
into a form resembling its parent, without passing through 
any intermediate changes of form. It is hardly necessary to 
remark that this is not the case with the embryos of a medusi- 
fonu gonophore, these being developed into the sexless Hy- 
drozoon by which the medusoid was produced. 

In this connection, aUnsiou may be made to the long-known 
ferCt that certain medusiform gonophores are capable of pro- 
dacing independent forms directly resembling themselves, but 
this is by a process of gemmation and not by one of true re- 
production. Technically these are called 'tritozooids,' as 
being derived from organisms which are themselves but the 
genei-ative zooids of another being. This singular phenomenon 
has been observed in various medusiform gonophores (e.g. 
Sarsia genmvif&ra), the buds springiQg in different species 
irom the gonocalycine canals, from the tentacles, or from the 
sides of the polypite or manubrium. 



CHAPTER XI. 
LUCEBNASLDA AND GRAPTOLITID^, 

Sub-class TV. Lucernarida (Acalephce, in part). — The mem- 
bers of this sub-class may be defined as Hydrozoa, * whose hydro- 
smna has its hose developed mto an " imibrella,^^ in the walls 
of which the reprodttctvve organs are produced.* — (Greene.) 

A large number of forms included in the Lucernarida were 
described by Edward Forbes under the name of SteganophthaU 
mate Medusce, being in many external characters closely simi- 
lar to the Med/usidce. This resemblance is especially strong 
between the disc or * nectocalyx ' of the true Meditsidce and 
the * umbrella ' of the iMcemarida, the latter being often a 
bell-shaped swimming organ, with marginal tentacles, and 
containing one or more polypites. These analogous structures 
{figs. 20 and 23) are, however, distinguished as follows: — 
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1. The * umbrella * of the I/acemarida, is never furnished with 
a * velum,* as is the nectocalyx of the Medusidce, 2. The 
radiating canals in the former are never less than eight in 
number, and they send off numerous anastomosing branches, 
which join to form an intricate network ; whereas in the latter 
they are not more than four in number, and they do not sub- 
divide. 3. In the place of the separate and unprotected 
' vesicles ' and * ocelli * of the Medimdce, the marginal bodies 
of the Luceniarida consist of these bodies combined together 
into single organs, which are termed * lithocysts,' and which 
are protected externally by a sort of hood. 

The Imcemarida admit of being divided into three orders, 

viz. : — ^the Liicemariadce, the Pelagidce, and the Bhizosto^nidce, 

Order I. Lucernariadjj. — ^This order includes those iMcer- 

narida wJiich ha/ve only a single polypitej are fixed hy a proximal 

hydrorhiza, and possess short tentacles on the margin of the urri' 

hrella. The reproductive elements ' are 
developed in the primiti/ve hydrosoma 
without tJie intervention of free zooidsJ 
— (Greene.) 

In Lucemaria (fig, 21), which may 
be taken as the type of the order, 
the body is campanulate or cup- 
shaped, and is attached proximally 
at its smaller extremity by a hydro- 
rhiza, which, however, like that of 
the Hydra, is not permanently fixed. 
When detached, the animal is able 
to swim with tolerable rapidity by 
means of the alternate contraction 
and expansion of the umbrella. 
Around the margin of the umbrella 
are tufbs of short tentacular pro- 
cesses, and in its centre is a polypite 
with a quadrangular, four-lobed 
mouth. * In transverse section the 
polypite may be described as some- 
what quadrilateral, with a sinuous 
outline, which expands at its four 

Fig. 21.— Lucemaria. Lucemaria angles to form as many deep Ion- 
seaweed, ^tliter Johnston^ gitudinal folds, within which the 

simple generative bands are lodged.' 
— (Greene.) Wide longitudinal canals are formed by septa 
passing from the walls of the polypite to the inner surface of 
the cup, and a circular canal runs immediately beneath the 
insertion of the tentacles. The reproductive elements are pro- 
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dnced "within the body of iMcemana itself, without the inter- 
vention of any generative zooid. 

Order II. Pelagidjj. — This order is defined as iacluding 
Lricernariday which possess a single polypite only and an um' 
hrella vrith marginal tentacles. The reproductive elements ' are 
developed m a free tmibrella, which either constitutes the primitive 
hydrosoma, or is produced by fission from an attached Lucema- 
void,* — (Greene.) 

Two types, therefore, exist in the Pelagidoe, The one type 
is represented by a fixed * trophosome,' resembling Lucemariay 
but distinguished from it by the fact that the generative ele- 
ments are not developed in the primitive hydrosoma, but in a 
free 'gonosome,' which is produced for the purpose. The 
second type, represented by Pelagia itself, is permanently free, 
thereby differing from Imc&maria, which it approaches, on the 
other hand, in the fact that its generative elements are pro- 
duced in its own umbrella without the intervention of free 
generative zooids. Pelagia, however, differs considerably in 
structure from Lucemari^, and in all essential characters is not 
anatomically separable from a Steganophthalmate Medusid. The 
process of reproduction as displayed in the first section of the 
Pelagidoe will be considered when treating of that of the Mhi^ 
zostomidce, there being no important difference between the 
two, except as concerns the structure of the generative zooids. 

Order m. Rhizostomidji. — The members of this order 
are defined as being Lucemarida, in which the reproductive 
elements aire developed in free zooids, produced by fission from 
attached Lucemaroids, The vmihrella of the generative zooids is 
toithout marginal tentacles, and the poh/pites are ^ numerous^ 
modified, forming with the genitalia a dendriform ma^s dependi/ng 
from the umbrella,* — (Greene.) 

The following is a brief summary of the life-history of a 
member of this extraordinary order (fig. 22). The embryo is a 
free-swimming, oblong, ciliated body, termed a * planula ' (a), 
of a very minute size, and composed of an outer and inner layer 
enclosing a central cavity. The planula soon becomes pear- 
shaped, and a depression is formed at its larger end. ' Next, 
the narrower end attaches itself to some submarine body, 
whilst the depression at the opposite extremity becoming 
deeper and deeper at length communicates with the interior 
cavity. Thus, a mouth is formed, around which may be seen 
four small protuberances, the rudiments of tentacula. In the 
interspaces of these four new tentacles arise ; others in quick 
succession make their appearance, until a circlet of numerous 
filiform appendages, containing thread-cells, surrounds the 
distal margin of the " Hydra-tuba " (6), as the young organism 
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at this Bbage of its cftreer has been termed by Sir J. G. Dalyell. 
The month, in the meantiiae, iiom heing a mere quadrilateral 
orifice, grows and lengthens itself bo as to constitnte a tme 
polypite, occnpying the axis of the inverted umbrella, or disc, 
which sapporta the mai^inal tentacles. The Bpace between 
the walls of the polypite and nnibreUui ia divided into longitn- 
diual canals, whose relatione to the rest of the organism, and, 
indeed, the whole sttucinre of Hydta-tuba, closely refietnble 
what may be seen in I/vcermiria..' — (Greene, MomuoI of Ccden- 
terala.) 'i^he Sydrorltiba thus uunstitotes the fixed ' Lucer- 
naroid,' or the ' trophosome ' of one of the Bhvsoekrmidce. In 
height it is less than half an inch, but it posaesaes the power 
of forming, hjr gemmation, lai^e colonies, which may remain 
in this condition for yeurs, the organism itself being incapable 
of producing the essential elements of generation. Under 
certain circum stances, however, reproductive zooida are pro- 
duced by the following siugalar process (Jig. 22). The Hydra- 




T adruuHl, in which a ttah citcleC of tentacles hAa b 

oereiopea Dear tbe base. /. Fne^imLmiulDS m€diuold di ^Epbjra,' pro- 
doo^ t^ flfflioD from th« tijdiii.taL]a, 

taha becomes elongated, and becomes marked by a series of 
grooves or circular indentationa, extending transversely across 
the body from a little below the tentacles to a little above the 
fixed extremity. At this stage the organism was deacrihed 
as new by Sare, under the name 'Seyphwtoma' (c). The 
Bjmulations or constrictions go on deepening, and become 
lobed at their margin, till the Scyphiatoma assumes the aspect 
of a pile of saucers, arranged one upon another with their 
concave surfaces upwards. This stage was described by Sara 
under the name of 'SirdbUa' {d). The tentacular iringe which 
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originaUy snrroxiiided the margin of the Hydra-tuha now dis- 
appears, and a new circlet is developed below the annnlations, 
at a point a little above the fixed extremity of the Strohila (e). 

* The disc-like segments above the tentacles gradually fall off, 
and, swimming freely by the contractions of the lobed margin 
which each pi-esents, they have been described by Eschscholtz 
as true MedusidcB nnder the name of Ephyfce^ (/). Each 
Eph/yiu, however, soon shows ihs true nattire by becoming 
developed into a free-swimming repioductive body, usually of 
large size, with umbi-ella, hooded lithocysts and tentacles,, 
constituting, in fact, a StegcmophthalrrMte Medusa, The re- 
productive zooid now swims freely by the contractions of its 
umbrella, and it eats voraciously and increases largely in size. 
The essential element-s of generation aie then developed in 
special cavities in the umbi-eUa, and the fertilised ova, when 
Hberated, appear as free-swimming, ciliated * planul©,* which 
fix themselves, become Hydra-tuhoe, and commence agaiii the 
cycle of phenomena which we have above described. 

As i-egaids the size of these repi-oductive zooids as compared 
with the organism by which they are given off, it may be 
mentioned that the umbrella of Gyanea arctica has been foxmd 
in one specimen to be seven feet in diameter, with tentacles 
more than fifty feet in length, the fixed Lucemaroid from 
which it was produced not being more than half an inch in 
height. 

As regards the special structure of these gigantic reproduc- 
tive bodies, considerable differences obtain between the Bhizo- 
stonddce and that section of the Pelagidce, in which this method 
of reproduction is employed. In the JPelagidce, namely, the 
genei-ative zooids possess a general, though chiefly mimetic, 
resemblance both to the genuiue Discophora and to the free- 
swimming medusiform gonophores of so many of the Hydrozoay 
and they have the following structure. Each consists of a 
bell-shaped, gelatinous disc, the * umbrella,* from the roof of 
which is suspended a large polypite, the lips of which are 
extended into lobed processes oAen of considerable length, 

* the folds of which serve as temporary receptacles for the ova 
in the earlier stages of their development.' The polypite— 
manubrium or proboscis — is hollowed into a digestive sac, 
which communicates with a cavity in the roof of the umbrella 
from which aiise a series of radiating canals, the so-called 
*chyIaqueous canals.* These canals, which aie never less 
than eight in number, branch freely and anastomose as they 
pass towards the periphery of the umbiella, where the entire 
series is connected by a circular marginal canal. This, in 
tnm, sends tubular processes into the mai ginal tentacles, which 
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are often of great length. Besides the tentacles, the margin 
of the umbrella is ftLmiahed with a eeriea of pecnliar bodiea, 
t«rmed ' lithocyeta,' each of which is protected by a, sort of 
process or hood derived from the ectoderm, and conBista 
essentially of a combined 'vesicle' and ' pigment- spot,' such 
as have been described as occnrring in the MedTieid^. These 
marginal bodies likewise coramnnicate with the chylaqueona 
canals. The reprodnctive elements 'are lodged in saconlar 
processes of the lower portion of the central cavity, imme- 
diately above the bases of the radiating canals, and, being 
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nsnally of some bright colonr, form a conspicnons cross 
shining through the thickness of the disc,' — (Greene.) 

In the RhizogtomidfB the reproductive zooids differ from 
tliose we have juat described as occnrring in the first section 
of the Pelagidce, in not possessing tentacles on the marein of 
the umbrella, and in having the simple central polypite 
replaced by a composite dendriform process, whicn bears 
numerous polypites, projects far below the umbrella, and is 
thus described by Professor Hnzley ; — ' In the Rhizostomidm 
{fig. 22) a complex, tree-like mass, whose branches, the 
" stomatodendra, end in, and bxq covered by, minute poly- 
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pites, interspersed with clavate tentacnla, is suspended jB?om 
the middle of the umbrella in a very singular way. The 
main trunks of the dependent polypiferous feree, in fact, unite 
above into a thick, flat, quadrate disc, the " syndendrium," 
which is suspended by four stout pillars, the " dendrosiyles," 
one springing from each angle, to four corresponding points 
on the under surface of the umbrella, equidistant from its 
centre. Under the middle of the umbrella, therefore, is a 
chamber, whose floor is formed by the quadrate disc, whilst 
its roof is constituted by the under wall of the central cavity 
of the umbrella, and its sides are open. The reproductive 
elements are developed within radiating folded diverticula of 
the roof of this genital cavity.* 

It appears, Anally, that amongst the old Pulmograde 
AcalephsB, or amongst what would commonly be called Jelly- 
fishes, we have the following distinct sets of beings, which 
resemble each other more or less closely in appearance, but 
differ in their true nature : — 

1. Free medusiform gonophores of various Corynidce, SertU' 
laridce, Cavipanularidce, and the Ocecmic Hydrozoa, 

2. True Meduddoe, entirely resembling the former in anato- 
mical structure, but differing in the fact that their ova do 
not give rise to a fixed zooid, but to free-swimming organisms 
exactly like the parent hydrosoma (Trachynemidce and 
^ginidcB), 

3. Hydrozoa which are provided with an * umbrella ' (with 
all the peculiarities belonging to this structure), but which 
reproduce themselves without the intervention of free genera- 
tive zooids produced by fission (Peldgia). 

4. The free generative zooids of most of the Pelagidce, with 
an umbrella and a single polypite, the primitive hydrosoma 
being fixed and sexless (Aurelia, Cycmea, &c.). 

5. The free generative zooids of the Bhizostomidce, with an 
umbrella and a complex central tree bearing many polj'pites 
(^Bhizostoma, Gejphea, &c.). 

Of these five classes of organisms, Nos. 1 and 2 constitute 
the Gymnophthalmate Medmsce of Professor E. Forbes, whilst 
Nos. 3, 4 and 6 are the Steganophthalmate Medusce of the 
same naturalist. 

Sub-class V. GRAProLiTiDiE. — The organisms included at 
present under this head are all extinct, and they are in many 
respects so dissimilar, and their structure is so far from being 
entirely understood, that it is doubtful if any definition can 
be framed which will include all the supposed members of the 
family. The following definition, however, will include all 
the most typical Graptolites : — 
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Hydrosoma componnd, occasionally branched, consisting of 
nnmerons polypites united by a coenosarc ; the latter being 
enclosed in a siiong tabular polypary, whilst the former were 
protected by hydrothecas. In the great majority of Grapto- 
lites the hydrosoma was certainly unattached, but in some 
aberrant forms — doubtfully belonging to the sub-class— there 
is reason to beheve that the hydrosoma was fixed. The poly^ 
pites are never separated from the coenosarc by any partition. 
In many cases the hydrosoma was strengthened by a solid 
chitinous rod, the *soHd axis,' somewhat analogous to the 
chitinous rod recently described by Professor Allman in the 
singular Polyzoon, Bhabdopleura. 

From the above definition, it wiU be seen that the nearest 
living allies to the Graptolites are the Sertularians. In point 
of fSact, if we do not insist upon the presence of a * solid axis' 
as part of the definition, the Graptolites differ from the Ser- 
tularians in no essential point, save that the hydrosoma is 
always attached in the latter, and was certainly free in the 
most typical examples of the former. Indeed, certain forms 
at present placed amongst the Graptolites — such as Ftilograpsvs 
and Dendrogrofpsua — are so similar to some Hving Sertularians, 
that it might be well to remove them altogether from the 
CfraptoUtidoB, and to regard them as extinct representatives of 
the SertularidcB, 

As regards the value of the * solid axis' as an element in 
defining GraptoHtes, we fear that much stress cannot be laid 
upon its presence or absence. It is true that it is present in 
all the most characten'stic members of the sub-class, but it 
seems to be certainly absent in some — e.g. in Uetiolites Gei- 
nitzianus, and in all species of Bastrites — and there do not seem 
to be sufficient grounds for excluding these fe'om the Grajpto- 
litidcB on this account alone. 

Taking such a simple Graptolite as G, sagittarms (fig, 24, 1) 
as the type of the sub-class, the hydrosoma is found to consist 
of the ' solid axis,' the * common canal,' and the ' cellules.' 
The entire polypary is corneous and flexible, and the solid 
axis is a cylindrical fibi*ous rod, which gives support to the 
entire organism, and is often prolonged beyond one or both 
ends of the hydrosoma. The common canal is a tube which 
encloses the coenosarc, and gives origin to a series of cellules, 
these being little cups corresponding to * hydrothecse,' and 
enclosing the polypites. Not only are the essential details of 
the structure — ^with the exception of the solid axis — strictly 
comparable with that of a Sertularian, but there is good 
evidence, as shown by Hall and the. author, that the reproduc- 
tive process was also carried on in a manner similar to what 
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we have seen in the other Hydroiday namely, by generative 
buds or gonophores. ^ 

No Grwptolite, however, has 
hitherto been certainly proved to 
have been fixed by a * hydrorhiza,* 
and it is only in certain aberrant 
forms that there are any traces of 
a ' hydrocaulus.' 

Besides the simple forms of Grap- 
tolites with a row of cellules on 
one side (monoprionidian) (fig, 24, 
2), there are others with a row of 
cellules on each side (diprionidian) 
(fig. 24, 3). Many other curious 
modifications are known ; but there 
is only another peculiarity which is 
worthy of notice here. This is the 
occurrence in several genera of a 
basal corneous disc or cup, which 
is probably the homologue of the 
' float ' or * pneumatophore ' of the 
Physophoridro. (For distribution of 
Graptohtes see Distribution of Hy- 
drozoa in Time.) 

As regards their mode of occur- 
rence, Graptolites are usually found 
as glistening, pyritous impressions, 
with a silvery lustre. In some cases, however, they are found 
in relief. 



Fig. 24.— Morphology of Grapto- 
lites. 1. Portion of 6'm|>to/t/^ 
sagittariiM enlarged ; a. Solid 
BsA&\ h, Oommon canal; c. 
Cellules. 2. Monoprionidian 
Graptolite {O. argentetu), 3. 
Diprlonfdian Graptolite (Di- 
plograpstu prisHx, variety 
wiUi long basal spines). 



CHAPTER Xn. 



DISTRIBUTION OF THE HYDEOZOA, 

I. DiSTEiBUTiON OP Htdeozoa IN Space. — The genera of Ht/" 
drozoa have a wide distribution, the mode of reproduction 
amongst the fixed forms being such as to insure their extension 
over considerable areas. The various species of Hydra are of 
common occurrence in the fresh waters of Europe. Gord/ylo' 
phora, the sole remaining fresh-water genus, has not been 
found to occur out of the north temperate zone. All the 
other Hydrozoa, without a known exception, are marine in 
their habits. The fixed forms, viz. the Ooon/nidce, Scrtuhmdce^ 
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and Ciimpannlaritlce, are represented more or less abundantly 
in almost all seas, extending from the littoral zone to con- 
siderable depths. The oceanic Hydrozoa, Galycophoridce and 
Physoph^riilcBf are chiefly characteristic of tropical seas ; but 
they are found also in the Mediterranean, and even in seas 
not ftur from, or even within, the Arctic circle. 

II. Distribution op Hydrozoa in Time. — ^With the excep- 
tion of the impression of a Medusa said to have been observed 
by Professor Agassiz in the fine-grained lithographic slate of 
oolenhofen (Oolite), there are no fossil remains which would 
be universally conceded to be of a Hydrozoal nature. The 
Oldhamia of the Cambrian Bocks of Ireland has, indeed, 
been regarded as belonging to the Hydrozoa ; but it is believed 
by Mr. Salter to be reaUy a plant. It consists of a main 
St^ Witt numerous secondary branches, springing from the 
axis in an umbellate manner, but exhibiting no traces of 
hydrothecBB. 

The occurrence of Corynida in a fossil condition can hardly 
be said to be fi^ee from doubt. Eemains probably referable to 
this order have been, however, recently discovered in the 
Paladozoic Rocks. The oldest of these was described by the 
author some years ago from the Lower Silurian Hocks of 
Dumfriesshire under the name of Gorynoides, More lately a 
form called Palceocoryne has been described fi^m the Carboni- 
ferous Rocks of Scotland. 

The Sertularida, and Carwpanidarida are not certainly known 
to occur in a fossil condition. The fossils called Dendrograpstts, 
CdllograpstLSy PtilograpstiSy and Dictyonema, all at present placed 
amongst the Gra^tolites, are, however, not improbably truly 
referable to the Sertularida, 

There can be little doubt but that the large and singular 
femily of the Grarptolitidce should really be looked upon as 
extinct Hyd/rozoa, though good authorities still place them 
amongst the Polyzoa, As regards their distribution two facts 
are chiefly noticeable. In the first place, no Graptolite, except 
the doubtful genus Dictyonema, has hitherto been found to 
occur above the Silurian Rocks. The Graptolites may there- 
fore be regarded as characteristic fossils of tiie Silurian period. 
Secondly, the diprionidian Graptolites, or those with a row of 
cellules on each side (genera Dvplogra/paus, Glimacograjpsus, 
and Bicranogrofpsus), have never yet been certainly shown to 
occur above the horizon of the Lower Silurian Rocks. The 
common genus BidAjmograjpsus (the * twin ' Graptolites) is still 
more characteristic of the Lower Silurian period. 
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CHAPTER Xin. 

ACTINOZOA. 

1. General Characters of the Actinozoa. 2. Characters 

OF the ZoANTHARIA. 3. ZOANTHARU MaLACODERMATA. 
4. ZOANTHARU SCLEROBASICA. 6. ZOANTHARIA SCLERO- 
DERMATA. 

Class II. Actinozoa. — The Actinozoa are defined as GoeU 
enterata with a ddff&i'entiated digestive sac opening below into 
the somatic cavity, hut separated from it by an intervening ^ peri' 
visceral spacp,^ which is divided into a series of compartments by 
vertical partitions, or * mesenteries,^ to the faces of which the re- 
productive organs are attached. 

The Actinozoa {fig, 25), therefore, differ fundamentally 
from the Hydrozoa in" this, that whereas in the latter the 
digestive cavity is identical with the somatic cavity, in the 
former there is a distinct digestive sac, which opens, indeed, 
into the somatic cavity, but is, nevertheless, separated from 
it by an intervening perivisceral space. As a result of this, 
the body of a typical Actinozobn exhibits on transverse section 
two concentric tubes, one formed by the digestive sac, the 
other by the parietes of the body; whereas the transverse 
section of a Hydrozoon exhibits but a single tube, formed by 
the walls of the combined digestive and somatic cavity. 

Histologically, the tissues of the Actinozoa are essentially the 
same as those of the Hydrozoa, consisting of the two ftinda- 
mental layers, the * ectoderm * and the ' endoderm.* In the 
Actinozoa, however, there is a much greater tendency to a 
differentiation of these into speciaHsed structures, and in some 
members of the class muscnlar fibres are well developed. The 
ectoderm, especially, shows a tendency to break up into two 
layers, which are cfifferentiated in opposite directions from an 
intermediate zone, and are termed by Huxley the * ecderon * 
and * enderon,' corresponding respectively to the epidermis 
and derma of man. Cilia are often present, especially in the 
interior of the somatic cavity, where they serve to promote a 
circulation of the digestive fluids contained therein. The sole 
digestive apparatus in the Actinozoa consists of a tubular 
stomach-sac, which communicates freely with the outer world 
by means of the mouth, and opens inferiorly directly into the 
general body-cavity. In most, the * perivisceral space ' be- 
tween the body- walls and the digestive sac is subdivided into 
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compartments by a, series of vertical lamellse, which are 
called the ' mesenteries ' {fig. 26 I/), Upon the faces of these 
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are borne the reproductive organs in the form of band-like 
ovaria or spermaria. 

Thread-cells, often of very complicated stmctore, are almost 
nniversally present, aome of the Ctenopkora being apparently 
'withont them, and some of the Actinoioa are able to sting very 



A nervons system has not yet been proved to exist in any of 
the Actinozoa, except in the Cteno^hora, and in none are there 
any traces of a vascular system. 

Distinct reproductive ot^ns oecnr in all the Aetinoxoa, but 
these arc internal, and are never in the form of externa! pro- 
cesses as in the Sydrozoa. Sexual reproduction occurs in all 
the members of the class, but in many forms gemmation or 
fission constitutes an equally common mode of increase. 
Some Actinozoa, therefore, such as the common aea-anemones, 
are simple organisms, whilst others, such as the reef-building 
corals, are composite, the act of gemmation or fission giving 
rise to colonies composed of nnmerous zooids united by a 
ccenosarc. In these cases the separate zooids are termed 
' polypes,' the term ' polypite * being restricted to the Hy- 
drozoa. In the simple Aetmozoa, however, the term ' polype ' 
is employed to designate the entire organUm. In other words, 
the ' actinosoma,' or entire body of any Aetinozoon, may be 
composed of a single ' polype,' or of several such, produced by 
a process of continuous gemmation or fission and united by a 
common connecting stmcture, or ccenosarc. 

Most of the Admozoa are permanently fixed ; some, like 
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the Sea- anemones, possess a small amount of locomotive 
power ; and one order, the Cteno^phora, is composed of highly 
active, free -swimming organisms. Some of the Actinozoa are 
unprovided with any hard structure or support, as in the Sea- 
anemones and in all the Ctenophora; but a large number 
secrete a calcareous or homy framework, or skeleton, which is 
termed the * coral,' or * corallum.' In one family the corallum 
appears to be siliceous. 

The Actmozoa are divided into four orders, viz. : — the Zo- 
antharia, the Alcyonaria, the Rugosa, and the Ctenophora ; 
but the last is sometimes placed amongst the Hydrozoa, and it 
has been recently proposed to remove the Bnigosa also to the 
same class. 

Order I. Zoantharia. — The Zoa/ntharia are defined hy the 
disposition of their soft parts in multiples of five or six, and hy 
the possession of simple, usually numerous, tentacles. There may 
he no corallum, or rarely a ' sclerohasic ' one. Usually there is a 
* sclerodermic ' corallwm, in which the septa in each cm'allite, like 
the mesenteries, are arranged in multiples of five or six. 

The Zoantharia are divided into three sub-orders, the Zoan- 
thana Malacodermata, the Z. sclerohasica, and the Z. scleroder^ 
mata ; according as the corallum is entirely absent or very 
rudimentary, is ' sclerobasic,' or is * sclerodermic' 

Sub-order I. Zoantharia Malacodermata. — In this section 
of the Zoantharia there is either no corallum or a very rudi- 
mentary one, in the form of a few scattered spicules. The 
' actinosoma ' is usually composed of but a single polype. 
(The term * actinosoma ' is a very convenient one to express 
in the Actvnozoa, what 'hydrosoma' expresses in the Hydrozoa, 
namely, the entire organism, whether simple or compound.) 

There are three famihes in this section, of which the Acti- 
nidcB wiU require a somewhat detailed examination, since they 
may be taken as typical of the entire class of the Actinozoa. 

Family 1. Actinid^. — The members of this family are 
commonly known as sea-anemones, and are distinguished by 
having no evident corallum, by being rarely compound, and 
by having the power of locomotion. 

The body of a sea-anemone (Jig. £6) is a truncated cone, or 
a short cylinder, termed the 'column,' and is of a soft, 
leathery consistence. The two extremities of the column are 
termed respectively the * base ' and the ' disc,' the former 
constituting the sucker, whereby the animal attaches itself at 
will, whilst the mouth is situated in the centre of the latter. 
Between the mouth and the circumference of the disc is a flat 
space, without appendages of any kind, termed the * peristomial 
space.' Round the circumference of the disc are placed 

h2 
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numerous tentaelea, nsoally retractile, arranged in alternating 
rows, and amounting to as many as 200 in number in tbe 
comnion Actinia, The tentacles are tubular prolongations of 
the ectoderm and endoderm, containing diverticula from the 
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somatic chiunbers, and sometimes having apertures at their 
free extremities. The mouth leads directly into tbo stomach, 
which is a wide membranous tube, opening by a lai^ aperture 
into the general body-cavity below, and extending about half 
way between the month and the base. The wide space 
between the stomach and column-wall is subdivided into 
a number of compartments by radiating vertical lamellfe, 
termed the 'primary mesenteries,* arising on the one hand 
from the inner surface of the body- wall, and attached on the 
other to the external surface of the stomach. Aa the stomach 
is considerably shorter than the column, it follows that the 
inner edges of the primary mesenteries below the stomach are 
free ; and these free edges, curving at first outwards and then 
downwards and inwards, are ultimately attached to the centre 
of the base. Besides the primary mesenteries, there are other 
lam elite which also arise from the body-wall, but which do 
not reach so &r as the outer surikce of the stomach, and are 
called 'secondary' and 'tertiary' mesenteries, according to 
their breadth. The reproductive organs are in the form of 
reddish bands, which contain ova and spermatozoa, and are 
situated on the faces of the mesenteries. Most of the AcHiiiiP 
are dioecious, that ifi to say, the same individual does not 
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develop both ova and spermatozoa. Along the free margins 
of the mesenteries there also occur certain singular, convoluted 
cords, charged with thread- cells, and termed ' craspeda,' the 
function of which is not yet understood. It is beUeved, how- 
ever, that the apertures, termed *cinclides,' in the column- 
walls of some of the Actinidm are for the emission of the 
craspeda. No traces of a nervous system have as yet been 
been proved to exist in any Actinia, 

The embryo of the Actinia is a free-swimming ciliated 
body, at first rounded, but afterwards somewhat ovate. The 
rudimentary mouth is soon marked out by a depression at the 
larger extremity ; thread-cells appear as a layer in the ecto- 
derm ; a fold is prolonged inwards from the mouth to form 
the digestive sac ; and the primitive tentacles are at first 
either five or six in number, but usually double themselves 
rapidly. 

Family 2. Iltanthidj!. — In this family there is no corallum, 
and the polypes are single and free, with a rounded or tapering 
base. Ilyanihus is in all essential respects identical with the 
ordinary Actinice, but it is of a pointed or conical shape, the 
base being much attenuated, though whether its habit of life 
is free, or not, is a matter of some uncertainty. 

Family 3. Zoanthid^. — In the Zoanthidce there is a spi- 
cular coralluni, 9<nd the polypes are attached by a fleshy or 
coriaceous base or coenosarc. In Zoanthus the separate polypes 
closely resemble small Actimo^, but they are united together 
at their bases by a thin fleshy coenosarc. 

SuB-OEDER II. ZoANTHABiA ScLEROBASiCA. — The members of 
this sub-order are always composite ; and always possess a 
corallum, but this is * sclerobasic,* and there are no spicular 
tissue-secretions. 

It appears advisable to explain here what is understood by 
the terms * sclerobasic ' and * sclerodermic,' as applied to 
corals. The * corallum * is the term which is applied to the 
hard structures deposited by the tissues of any Actinozoon, 
many of which are so famiharly known as * corals.' Usually 
the corallum is composed of carbonate of lime ; but it may be 
corneous, or partly corneous and partly calcareous ; whilst in 
one family it appears to be siliceous. Whatever their compo- 
sition may be, all coralla may be divided into two sections, 
termed respectively ' sclerobasic ' and * sclerodermic,' which 
must be carefully distinguished from one another. The 
' sclerobasic ' corallum, of which the red coral of commerce 
may be taken as the type, is in reality an exoskeleton, some- 
what analogous to the shell of a Crttstaceany being a true 
tegumentary secretion. At the same timfe, it is not a shell or 
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external envelope, but it forms ao axis, upon wMct the entire 
aotinoaoma is spread. The actinoBocaa, in fact, is inverted, 
and the ' aclerobaaia ' is secreted by the ouler snrfaco of the 
ectodenn. The sclerobasic coralhim is, therefore, truly ' out- 
side the bases of the polypes and their connecting coenosarc, 
which, at the same time, receive support Irom the hard axis 
which they serve to conceal.' — (Greene.) Upon this view the 
sclerobasia is termed ' foot-secretion ' by 3Hr. Dana. 

The ' sclerodermic ' corallam, on the other hand, is secreted 
within the bodies of the polypes, apparently by the iniier layer 
of the ectoderm, — the ' enderon ' of Husley — and it is, there- 
fore, termed ' tissue- secretion ' by Mr. Dana. A sclerodermic 
corallum, of course, like the animal which produces it, may be 
simple or composite, according as it is produced by a siugle 
polype or by several united by a ccenoaarc. It consists, there- 
lore, of a single calcareous cup, or ' cnrallite ; ' or of several 
such united by a common calcareona bond or basis, the 
' ocenenchyma.' Taking a single ' corallite ' (Jig. 27 d) as the 
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type, we find that it shows its origin and nature plainly in its 
form. It consists of a cylindrical or conical tube of carbonate 
of lime, the outer wall of which is called the 'theca.' The 
upper part of the space included by the ' theca ' is variant, and 
it is termed the cup or ' calice ' ; bat the lower part is sub- 
divided into a series of chanibers, or ' loculi,' by a series of 
radiating, vertical, calcareous plates, which are called the 
' septa' (fit). 27, b). The septa extend from the inner surface 
of the theca towards its centre, where they usually unite to 
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form an axial column, called the * columella.' Many of the 
septa, however, do not reach the centre, but stop short at 
some distance from the columella, often being broken up into 
upright pillars, called 'pali.' The parts thus described as 
essentially composing a corallite in a typical sclerodermic co- 
rallum are related in the most obvious manner to the soft 
structures of the animal by which they are secreted. Thus, 
the * theca ' clearly corresponds to the ' column- wall,' or the 
general wall of the body ; the * columella,' when present, cor- 
responds to * that part of the enderon which forms the floor of 
the somatic cavity below the digestive sac,' whilst the * septa ' 
correspond to the 'mesenteries,' and, like them, are called 
'primary' and 'secondary,' according as they reach the 
columella or fall short of it. When there are several corallites 
the bond of union between them, the 'ccenenchyma,' is secreted 
by the * coenosarc,' to which it corresponds. In many AcUnozoa, 
however, the sclerodermic corallum is not present in the 
typical form above described, but simply in the form of cal- 
careous spicules or nodules scattered through the tissues of 
the animal. There are, also, members of the class in which 
both a sclerodermic and a sclerobasic corallum are present, 
the latter constituting the main skeleton, whilst the former is 
represented by scattered spicules. The coral tissue itself is 
known as ' sclerenchyma,' and it varies considerably in texture, 
being sometimes extremely compact, and at other times very 
loosely put together. 

From what has been said it will be seen that a sclerobasic 
corallum can easily be distinguished fix)m a sclerodermic by 
inspection ; the former being usually more or less smooth, and 
being invariably devoid of the cups or receptacles for the se- 
parate polypes, which are always present in the latter. The 
more important variations of detail which occur in both 
classes of corals will be noticed under the different families in 
which they occur. 

Returning now to the Zoantharia Sclerohcmca, we find the 
sub-order to contain the two famihes of the AntifathidcB and 
the HyalonemadcB (or HyalochontidcB) . Of these the Antvpathidce 
are chiefly noticeable because of their likeness to some of the 
Gargonidce, from which, however, they are readily distinguished 
by the fact that the number of their tentacles is a multiple of 
six, whereas in the latter it is a multiple of four. Antvpathes 
itself possesses a homy sclerobasic corallum, which may be 
simple or branched, and is covered with numerous small 
polypes, united together by a coenosarc, and possessing six 
tentacles each. 

The second family, that of the Hyalonemadce, contains the 
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so-called * Glass-zoophytes,' the true nature and position of 
which has been a subject of much controversy. By Dr. Gray 
the Hyalon&madcB are believed to be true Adinozoa, and 
he defines them as follows : — * Social Zoanthoid polypes 
secreting a central, siliceous, internal, axial coil for their 
support. The upper half of the coil covered by a uniform 
cylindrical bark, regularly studded with retractile polypes.* 
The lower portion of the siliceous rope-like axis, which looks 
exactly like a skein of threads of glass, is sunk in the sand at 
the bottom of the sea. The upper portion of the Hyahnema is 
often occupied by a cup-shaped sponge, called Carteria, which 
Dr. Gray believes to be a parasitic growth. By Professors 
Loven, Perceval Wright, Wyville Thomson, and others the 
sponge Garteria is looked upon as the true artificer of the 
siliceous rope, and the polypes are regarded as parasitic, and 
as referable to Palythoa, 

Sub-order III. Zoantharu Sclerodermata. — The members 
of this sub-order include the great bulk of the coral-producing 
or * coralligenous ' zoophytes of recent seas. They are defined 
by the possession of a sclerodermic corallum, the parts of 
which are arranged in multiples of five or six. The actino- 
soma may be simple, consisting of a single polype, or it may 
be composite, consisting of several polypes united by a 
coenosarc. 

The divisions of the sub-order are founded upon the nature 
of the corallum, for the due comprehension of which it will 
be necessary to consider some points in connection with these 
structures somewhat more minutely. As already described, a 
typical corallite consists of an outer wall, or * theca,' with a 
cup or *calice' above, and divided below into numerous 
chambers or * loculi,' by vertical partitions or ' septa.' Often 
the larger, or * primary^ septa coalesce centrally to form a 
median calcareous rod, or ' columella.' The chief additional 
structures to be remarked are what are known as *tabul89,' and 
* dissepiments.' The 'tabules' (fig. 27, d) are transverse plates 
or floors running at right angles to the axis of the corallite, and 
dividing the theca into so many horizontal compartments or 
stories, each of which is vertically subdivided by the septa, when 
these exist. As a rule, however, the septa are absent when there 
are tabules, though the two structures coexist in many extinct 
corals. The * dissepiments ' are incomplete transverse plates 
which, * growing from the sides of the septa, interfere, to a 
greater or less extent, with the perfect continuity of the 
loculi.' — (Greene.) The septa, too, are often furnished with 
styliform^ or spine-like processes growing from their sides, 
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whicli often meet so as to form * transverse props extending 
across the locnli like the bars of a grate, and termed " synap- 
ticulse." ' 

The Zoantharia Sclerodermata are divided into the four 
following groups, founded upon the characters of the 
corallum : — 

1. Tahulata. — Septa rudimentary, or entirely absent ; 
tabules well-developed and dividing the visceral chamber into 
a series of stories. 

2. Perforata, — Septa well developed ; dissepiments rudi- 
mentary ; no tabuleB. Corallum composed of porous scleren- 
chyma. 

3. Aporosa. — Septa well developed, lamellar; no tabulae. 
Corallum composed of compact, imperforate sclerenchyma. 

4. Tuhuhsa. — Septa indicated by mere stries ; theces pyri- 
form, occasionally united by a basal coenenchyma. 

Gemmation and Fission amongst Corals. — As regards the 
modes in which the composite corals are produced the follow- 
ing is a summary of Professor Grreene's remarks upon this 
subject. (See Coelenterata, p. 185 et seq.) The production of 
the composite Actinozoa is effected either by gemmation or by 
fission. In the former method three varieties have been dis- 
tinguished, termed respectively 'basal,' ' parietal,' and *cali- 
cular' gemmation. 

In basal gemmation the mode of increase is by means of a 
rudimentary coenosarc, which is put forth by the original 
polype, and from which the young polype-buds are produced. 
It ' affords very different products according as the coenosarc 
remains soft, or deposits a coenenchyma ; appears under the 
form of stolons, or of stouter connecting stems ; or even 
spreads out in several directions as a continuous horizontal 
expansion ; ' in which last case the youngest polypes are, of 
of course, those nearest to the periphery of the mass. 

The parietal mode of gemmation is the commonest, and it 
gives rise chiefly to dendroid, or *tree-like, corals. In this 
method the buds are produced from the sides of the original 
polype, and they often repeat the process indefinitely. 

Calicular gemmation is not known to occur in any recent 
coral, but it was a common mode of increase amongst extinct 
forms. In this method * the primitive polype sends up fix)m 
its oral disc two or more similar buds ; these, in their turn, 
produce other young polypes, and thus the process is repeated 
until an inverted pyramidal mass of considerable size is pro- 
duced, all the parts of which rest upon the narrow base of the 
first budding polype ' {fig, 27, a). Fission in \h& Actinozoa differs 
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from gemmation chiefly in the fact, that the polypes produced 
fissiparonsly resemble one another in organisation, and often 
in size, as soon as they become distinct. In gemmation, on 
the other hand, the polype-bud consists primarily of a mere 
process of ectoderm and endoderm, enclosing a ceecal process 
of the somatic cavity, and a mouth and other structures are 
at first wanting. Amongst the coralligenons Actinozoa fission 
is usually efiected by *oral cleavage,' the divisional groove 
commencing at the oi*al disc, and deepening to a certain 
extent, the proximal extremity always remaining undivided. 
More rarely fission * is efiected by the separation of small 
portions fi'om the attached base of the primitive organism, 
whose form and structure they subsequently, by gradual 
development, tend to assume.' 

* The coral- structures which result from a repetition of the 
fissiparous process are of two principal kinds, according as 
they tend most to increase in a vertical or in a horizontal 
direction. In the first of these cases the corallum is ccespitose, 
or tufted, convex on its distal aspect, and resolvable into a 
succession of short diverging pairs of branches, each resulting 
from the division of a single corallite.' In the second case the 
coral becomes lamellar, *Here the secondary corallites are 
united throughout their whole height, and disposed in a linear 
series, the entire mass presenting one continuous theca.' Both 
these forms of corallum * are liable to become massive by the 
union of several rows or tufbs of corallites throughout the 
whole or a portion of their height. An illustration of this is 
afforded by the large gyrate corallum of Mea^ndrina, over the 
surface of whose spheroidal mass the calicine region of the 
combined corallites winds in so complex a manner as at once 
to suggest that resemblance to the convolutions of the brain, 
which its popular name of Bi-ain-stone Coral has been devised 
to indicate.' 
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ALCYONABIA. 



Order II. Alcyonaru. — The second great division of living 
Actinozoa is that* of the Alcyonaria, defined by the possession 
of pohjpes with eight pinnately-frmged tentacles, the mesenteries 
and somatic chambers being also some multiple of four. The 
corallum, when present, is usually schrobasic, or spicular ; if 
* theccB ' are present^ as is rarely the case, there are no septa. 



CCELENTEEATA : AOTINOZOA. 107 

The Alcyonaria differ numerically from the Zoantharia in 
having their soft parts arranged in multiples offaar, instead 
of five or six, as in the latter. Their tentacles, too, are pin- 
nate, and are not simply rounded. Numerically the Alcyonaria 
agree with the extinct order Bugosay but the latter invariably 
possess a well developed sclerodermic corallum, the theces of 
which exhibit either septa or tabulse, or both combined. 

With the exception of the single genus Haimeia, the 
Alcyrmaria are all composite, their polypes being connected 
together by a common coenosarc, 'through which permeate 
prolongations of the somatic cavity of each, forming a sort of 
canal-system, whose several parts freely communicate,' and 
permit of a free circulation of nutrient fluids. Anatomically 
the polypes of the Alcyonaria do not differ in any essential 
particular from those of the Zoantharia ; the numerical dis- 
tinction being the one by which they are chiefly separated 
from one another. The Alcyonaria are divided into four families, 
viz. the Alcyorddce, the Tuhiporidce, the Pennatulidce, and the 
Gorgonidce. 

Family I. Alcyonid^. — This family is characterised by the 
possession of a fixed actinosoma, which is provided with a 
sclerodermic corallum in the form of calcareous spicula im- 
bedded in the tissues. 

Alcyonium may be taken as the type of the family, and it is 
well known to fishermen under the name of 'Dead-men*s 
fingers.* It forms spongy-looking, orange-coloured crusts or 
lobate masses, which are attached to submarine objects, and 
are covered with little stellate apertures, through which the 
delicate polypes can be protruded and retracted at will. The 
polypes communicate with one another by an anastomosing 
system of aquiferous tubes, and the corallum is in the form of 
cruciform, calcareous spicula scattered through its substance. 

Family II. Tubiporid^. — In the Tuhiporidce, or * organ-pipe 
corals,* of which T. musica is a famihar example, there is a 
well developed sclerodermic corallum, with thecee, but without 
septa. The corallum is composed of a number of bright red, 
tubular, cylindrical thec8B, which are united together externally 
by horizontal plates or floors, which are termed ' epithec89,' 
and represent external tabulee. The polypes are usually bright 
green in colour, and possess eight tentacles each. 

Family III. Pennatulio^. — ^The Pennatulidce, or * Sea-pens,' 
are defined by their free habit, and by the possession of a 
sclerobasic, rod-like corallum, sometimes associated with 
sclerodermic spicules. 

Pennatula, or the ' Cock's-comb,' consists of a free coenosarc, 
the upper end of which is fringed on both sides with feather- 
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like lateral pinnse, whieh bear tlie polypes ; whilat its prosimal 
end ia smooth oad fleshy, and is prol»bly aunt in the mnd of 
the Bea-bottom, This b.tter portion of the ccenosarc is, like- 
wise, stpengtheued by a long, slender, styli- 
form sclerobaaifi, resembling a rod in. shape, 
whilst spicnla occur also in the tentacles 
and ectoderm. Some Pennatulce are phos- 
phorescent. 
^['riimjK Wl la VirgyJaria (fig. 28), which, like Pen- 

r^n^yS yn ^'^^^, occurs not ancommonly in British 
^iGi^ VA seas, the aotinosoma is much longer and 
more slender than in the preceding, and 
the polype-bearing fringes are short. The 
polypes have eight tentacles. The scle- 
robasis is in tho form of a long calcareous 
rod, like a knitting-needle, and part of it 
is usually naked. So spicula are found in 
the tissues of Virgularia. 

Family IV. Gorgon ld.s. — In the Gor- 
goniiJtB, or ' Sea-shrubs,' there is an arbores- 
■" cent ccenosarc permanently rooted and pro- 
vided with a grooved, or sulcate, branched sclerobasis, which 
is sometimes associated with tme tdssne- secretions, t«rmed 




The sclerobasis of the Qorgomdce varies a good deal in its 
composition. In some it is corneous, and these have often been 
confounded with the AmtipathidcB, amongst the Zoantharia. 
The distinction, however, between them is easy, when it is 
remembered that the polypes in the Gorgonidm have tentacles 
in multiples of fau/r, whilst in the Antvpathidm they are in 
giaxs. The sclerobasis, too, in the former is always marked by 
grooves, whereas in the latter it is always either smooth or 
spinulous. In liia and Mopsea the sclerobasis consists of 
alternate calcareous and horny segments, branches being de- 
veloped in the former from the calcareons, and in the latter 
finm the horny segments. 

In CoraUvum rubram, the 'red coral ' of commerce, the 
sclerobasis ia nnarticulate, or nnjointed, and is entirely cal- 
careons. It is the most ^miliar member of the family, and is 
largely imported for ornamental purposes. Bed coral consists 
of a branched densely calcareons solerobaais, which is finely 
grooved upon its snrface, and is of a bright red colour. The 
corallum ia invested by a ccenosarc, also of a red colour, 
which is studded by the apertures for the polypes, which are 
white, and possess eight pinnately-fringed tentacles. The 
entire ccenosarc ia channelled ont by a number of anastomosing 
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canals, which commuiiicate with the somatic cavities of the 
polypes, and are said to be in direct communication with the 
external medium by means of numerous perforations in their 
walls. The entire canal system is filled with a nutrient fluid, 
containing corpuscles, and known as the * milk.' 



CHAPTER Xy. 
BUG 08 A. 

Order III. Rugosa. — The members of this order are entirely 
extinct, and, with the single exception of Holocystis elegana 
from the Lower Cretaceous Rocks, are not known to occur in 
deposits younger than the PalsBOzoic epoch. With the soft 
parts of the Rugosa we are, of course, entirely unacquainted, 
and the definition of the order must, therefore, be founded 
upon the characters of the coraUum. The corallum in the 
Rugosa is highly developed, sclerodermic, with true thecal, 
and often presenting both septa and tabules combined. The 
septa are in multiples of four (fig, 27 6), unhke the recent 
sclerodermic coralla, in which they are in multiples oifive or 
six. There is, further, no true ccenenchyma. Some of the 
Rugosa are simple ; but others are composite, increasing 
either by parietal or by calicular gemmation. According to 
Professor Agassiz the Rugosa and the Tabulate division of the 
Zoam,iharia ought not to be considered as belonging to the 
Actinozoa, but should be placed amongst the Hydrozoa, This 
radical change, however, cannot be accepted without the pro- 
duction of very conclusive evidence in its favour. 

Distinctions between the Coralla op the Orders of Ac- 
TINOZOA. — Having now considered all the orders of the Ac- 
tinozoa in which coralla are developed, it may be as well 
briefly to review their more striking differences. 

In the first place a sclerobasic corallum may be dis- 
tinguished by inspection from a sclerodermic corallum by the 
fact that the latter, unless composed simply of spicules, pre- 
sents the cups or * thec89,' in which the polypes were con- 
tained ; the surface of the former being invariably destitute of 
these receptacles. 

A sclerobasic corallum is found in the families AntvpathidcB 
and Hyalonemadce amongst the Zoantharia, and in the families 
PennatulidcB and Gorgomdce amongst the Alcyonaria ; the fol^ 
lowing being the differences between them : — 
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1. AntijpathidcB, — Sclerobasis spinuloiis or smooth ; tentacles 
and soft parts in multiples of six. 

2. Hyalonemadoe, — Sclerobasis siHceous, composed of nume- 
rous threads ; tentacles in multiples of five. 

3. PennatulidcB, — Sclerobasis sulcate, free; soft parts in 
multiples of four. 

4. GorgonidcB. — Sclerobasis sulcate, attached proximally: 
soft parts in multiples of four. 

Sclerodermic coralla fall under two heads, according as they 
are simply composed of scattered spicules, or are provided 
with true tliecce. 

I. Spicular coralla occur in the Zoantharia Malacodemiata 
(occasionally), and in the Alcyonidce ; and no differences can 
be stated between the coralla themselves. The animals, how- 
ever, differ entirely, the soft parts of the former being in 
multiples of five or six, those of the latter being in multiples 
of four. 

II. A thecal, sclerodermic corallum occurs in three distinct 
sections of Actmozoa: — 1. In the Zoantharia Sclerodermata. 
2. In the Tuhvporidce, amongst the Alcyonaria ; and 3. In the 
B/ugosa ; and the following are the distinctions between 
them : — 

1. Zoantharia Sclerodermata. — Septa in multiples of five or 
six, sometimes absent; tabul» often present. 

2. TuhiporidcB, — Septa absent; thecas united externally by 
distinct, horizontal * epifcheces.' 

3. Bugosa, — Septa in multiples of four ; tabulae usually pre- 
sent. 



CHAPTER XYI. 

CTENOPHOEA, 



Order IV. Ctenophora. — The Gtenophora comprise ^trans- 
parent, ocea7iic, gelatinous Actinozoa, swimming by means of 
" ctenophores,^^ or parallel rows of cilia disposed in comh-lihe 
plates. No corallum.^ — (Greene.) 

' The members of this order are all free-swimming organisms, 
and they are placed by many amongst the Hydrozoa, from 
which, however, they appear to be clearly separated by the 
possession of a differentiated digestive sac, as well as by their 
analogies with the Actinozoa, and their generally superior 
degree of organisation. 



COILENTEEATA .' ACTINOZOA. 



PUurohrach'ia (Cydippe) {fig. 29) may be taken as the type 
of the order, the structure of all being similar to this in essen- 
tial points. Pleurohrachia poaseaaes & transparent, colourlesB, 




fig, i9.-Ctenoph< 



gelatinous, melon-shaped body, or ' actinosoma^' in which the 
two poles of the s;jhei'6 are termed reapectively the ' oval' and 
' apical,' and the reat of the body constifcntea the 'interpolar 
region.' At the oral pole is the tianaverse month, bounded 
by lateral, slightly protuberant margins. ' Eight meridional 
Iwinds, or " ctenophores " bearing the comb-like fringes, or 
characteristic organs of locomotion, traverse at definite 
intervals the interpolar region, which they divide into an 
equal number of lune-like lobes, termed the " actinomerea ; " 
bnt thia division of the body docs not extend into the imme- 
diate vicinity of the poles, before reaching which the cteno- 
pbores gradnally diminish in diameter, each terminating in a, 
point.'— (Greene.) The normal number of the ctenophores 
appears to be eight, and each consists of a band of aur&ce 
elevated transversely into a number of ridges, to each of 
which a fringe of cilia is attached, so as to form a comb-like 
plate. The cilia in the middle of these transverse ridges are 
the longest, and they gradually diminish in length towarda 
the sides, so that the form of each comb is aomewhat crescentic. 
Besides the comb-like groupa of vibratile cilia, Pleurohrachia is 
provided with two very loi^ and flexible tentacular processes, 
which are fringed on one side with smaller cirrhi. These 
filamentous processes arise each from a sac, situated on one of 
the lateral actinomeres, within which they can be completely 
and instantaneonaly retracted at the will of the animal. 
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The mouth of Fleurohrackia (Jig. 30, a) opens into a fnsi- 
forin digestive aac, or stomach (ft), tie lower part of which ia 
provided with brown cells, supposed to diachai^e the functions 
of a liver. The stomach opens below into a, shorter and wider 
cavity (c), termed the ' funn el,' from which two canals diverge 
in the direction of the vertical axis of the organism, to open 
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the 'apical 



canals' (e), and their apertnrea as the 'apical pores.' From 
the fimnel two other pairs of canals are given off. Of these, 
one pair — known as Uie ' paragastric canals' — turns upwards, 
one running parallel to the digestive sac on each side (d), and 
' terminating ciecally before quite reaching the oral extremity.' 
The second pair of canals (i) — -the so-called ' radial canals' — 
branch off from the fonnel laterally, each dividing into two, 
and then again into two, as they proceed towards the peri- 
phery of the body. Thus, the two 'primary' radial canals 
produce four ' secondary' canals (fe), and these, in turn, give 
rise to eight 'tertiary' mdial canals (I), which finally termi- 
nate by opening 'at right angles into an equal number of 
longitudinal vessels, the "ctenophoral canals" (/), whose course 
coincides witli that of the eight locomotive bands. These 
canals end c^cally both at their oral and apical extremities,' — 
(Greene.) The whole of this complex canal-system is lined 
by a ciliated endodenn, and a constant circulation of the 
included nutrient fluids is thus maintained. 

Immediately within the apical pole is situated a small cyst 
or vesicle, supposed to be an organ of sense, and termed the 
'ctenocyst' {h). In structure the 'ctenocysfc' consists of a 
spherical vesiclej lined with e, ciliated epithelium, and filled 
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with, a clear fluid, which contains mineral particles, probably 
of csurbonate of lime. Resting upon the ctenocyst is a small 
ganglionic mass, giving origin to a number of delicate fila- 
ments, and generally admitted to be a rudimentary form of 
nervous system. The reproductive organs of PleurobracMa 
are in the form of folds, containing either ova or spermatozoa, 
and situated beneath the endodermal lining of the ctenophoral 
eanals, one on each side. 

The embryo FleurdbracJda is at first rudely cylindrical in 
fprm, a belt of cilia passing round the middle of its body. 
This soon breaks up into two lateral groups, which eventually 
disappear altogether, ' the ctenophores, at first very broad and 
few in number, at an early period taking on the performance 
of their special function. ' — (Greene.) 

As regards the homologies between Actinia and Tlewron 
hrachia, the following may be quoted from Professor Greene : — 

*If now a comparison be made between this nutrient 
system' (the canal-system of the Gtenophora) *and that of 
Actinia, the digestive sacs of the two organisms are clearly 
seen to correspond in form, in relative size, and mode of 
communication with the somatic cavity. The funnel and 
apical canals of Fleurdbrdchia^ though more distinctly marked 
out, are the homologues of those parts of the general cavity, 
which in Actvnia are central in position, and underlie the free 
end of the digestive sac. So also the paragastric and radial 
canals may be likened to those lateral portions of the somatic 
caviiy of Actvnia, which are not included between the mesen- 
teries. Lastly, the ctenophoral canals of Pleurobrachia and the 
somatic chambers of Acti/nia appear to be truly homologous, the 
chief difference between the two forms being that while in the 
latter the body-chambers are wide and separated by very thin 
partitions, they are in Pleurobrachia reduced to the condition 
of tubes : the mesenteries which intervene becoming very 
thick and gelatinous, so as to constitute, indeed, the principal 
bulk of the body.' 

The remaining members of the Gtenophora conform in most 
essential respects with Pleurobrachia, the most important 
difference being found in the canal-system. For purposes of 
comparison this system may be divided into four portions as 
follows ; — 1. The * axial system,' consisting of the mouth, 
stomach, ftmnel, and apical canals. 2. The ' paraxial system,' 
comprising the paragastric canals. 3. The * radial system,* 
comprising the primary, secondary, and tertiary radial canals. 
4. The ' ctenophoral system,' consisting of the tubes which run 
underneath the locomotive bands. 

In Beroe, which is in other respects very similar to Pleurom 
VOL. I. I 
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hracJda, the axial system of canals is the same as we have seen 
in the latter. The paraxial system, however, consists of two 
pairs of paragastric canals, which, instead of terminating 
C8Bcally, open into a circular canal which snrronnds the mouth. 
The ctenophoral canals, likewise, open into the oral vessel, 
in£itead of terminating csecally as in Pleurohrachia. Lastly, 
the radial system is not developed, the ctenophoral canals 
simply curving round towards their apical extremities, and 
opening into the funnel directly. 

Amongst the Beroidce the mouth extends entirely across the 
oral extremity of the body; hence they have been termed 
Eurystomata, the term Stetwstomata being apphed collectively 
to all the othei: CtenopJiora. 

The Bet'oidcB farther differ from Plett/rohrachia in being 
destitute of the long tentacular appendages, so characteristic 
of the latter. 

In Oestum, or * Venus' Girdle,' * elongation takes place to an 
extraordinary extent, at right angles to the direction of the 
digestive track, a flat, ribbon-shaped body, three or four feet 
in length, being the result.' 

DivisiOKS OF THE Ctenophoba. — The following arrangement 
of the Gteriophora has been adopted by Gegenbaur (see 
Greene) :-— 

Order CTENOPHOEA. 

Sub-order I. Stenostomata. 

Family I. CALLyianDiB. 

Body famished with a pair of antero-posterior oral lobes, and other 
' smaller lateral apendages. Tentades various, turned towards the 

mouth. 
Family U. Cestidjs. 

Body ribbon-shaped, extended in a lateral direction, without oral 
lobes. Tentades two in number, antero-posterior, turned towards the 
mouth. 
Family III. Calliakibidjb. 

Body produced into a pair of wing-like lateral lobes, bearing the 
ctenophores. Tentacles two in number, lateral, turned from the 
mouth. 
Family IV. Fi^BUBOBBACHiADiB. 

Body oval or spheroidal, without oral lobes. Tentades two in 
number, lateral, turned from the mouth. 

Sub-order 11. Eurystomata. 
Family V. Beroida. 

Body oval, elongated, without oral lobes. Tentacles absent. 
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CHAPTER XYH. 

DISTRIBUTION OF ACTINOZOA, 

1. Distribution op Actinozoa in Space. 2. Coral Reefs. 
3. Distribution op Actinozoa in Time. 4. Appendix. 

Distribution op Actinozoa in Space. — ^The Zoantharia niala- 
coderrnata appear tp have an almost cosmopolitan range, sea- 
anemones being found on almost every coast; some of the 
tropical forms attaining a very large size. The Gtenophora^ 
too, have an almost world-wide distribution, occurring in all 
seas from the equator to within the arctic circle. In habit all 
the CtenopJiora are pelagic, being found, like the oceanic 
Hydrozoa, swimming near the surface far from land. Pennor' 
iiilidce and Ooi^gonidcB are found in the seas of the temperate 
zone, but the latter attain their maximum within the tropics. 
The Red Coral of commerce {Goralliv/m ruhrum) is derived 
from the Mediterranean. 

The so-called * re%f-bnilding' Corals have their distribution 
conditioned by the mean winter temperature of the sea, a 
temperature of not less than 66° being necessary for their 
existence. They are found chiefly on the east coast of Africa, 
the shores of Madagascar, the Red Sea and Persian Gulf, 
throughout the Indian Ocean and the whole of Polynesia, and 
around the West Indian Islands and the coast of Florida. 

All known Actinozoa are marine, no member of the class 
having hitherto been found in fresh water. 

Coral-reeps. — ^A * coral-reef is a mass of coral, sometimes 
many hundred miles in length, produced by the combined 
growth of different species of coralligenous Actinozoa. As 
before said, a mean winter temperature of not less than 66^ is 
necessary for their existence, and, therefore, nothing worthy 
of the name of a ' coral-reef is to be found in seas so far 
removed from th6 equator as to possess a lower winter 
temperature than the above. The head-quarters of the reef- 
building corals may be said to be around the islands and con- 
tinents of the Pacific Ocean. According to Darwin, coral-reefs 
may be divided into three principal forms, viz. Pringing-reefs, 
Barrier-reefs, and Atolls, distinguished by the following 
characters : — 

1. Fringing-reefs (fig, 31, 1). — These are reefs, seldom of 
great size, which may either surround islands, or skirt the 
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shores of continents. These shore-reefs have no channel of 
ariy great depth intervening between them and the land, and 
the soundings on their seaward margin indicate that they 
repose npon a gently sloping surface. 
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Tig. 31.— Strnctnre of coral reefs. 1. Fringing-reef. 2. Barrier-reef. 3. Atoll. 
o. Sea level ; h. Coral-reef ; e. PrimitiYe land ; d. Portion of sea vithin 
the reef, forming a channel or lagoon. 

2. Barrier-reefs {fig, 31, 2). — These, like the preceding, may 
either encircle islands, or may skirt continents. They are 
distinguished from fringing-reefs by the fact that they occur 
usually iat a much greater distance from land, that there inter- 
venes a channel of deep water between them and the shore, and 
that soundings taken close to their seaward margin indicate 
enormous depths. If the barrier-reef surround an island, it 
is sometimes called an * encircling barrier-reef,' and it con- 
stitutes with its island what is called a * lagoon-island.' 

As an example of this class of reefs may be taken the great 
barrier-reef on the N.E. coast of Australia, the structure of 
which is on a perfectly colossal scale. This reef runs, with a 
few breaches in its continuity, for a distance of more than a 
thousand miles, its average distance from the shore being 
between twenty and thirty miles, and the depth of the inner 
channel being from ten to sixty fathoms, whilst the sea out- 
side is * profoundly deep' (in some places over 1,800 feet). 

3. Atolls (Jig, 31, 3). — These are nearly circular reefs of 
coral, enclosing a central expanse of water or lagoon. They 
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seldom f6rm complete rings, the reef being usually breached 
by one or more openings. In their structure they are iden- 
tical with * encircling barrier-reefs,' and differ from these only 
in the fact that the lagoon which they enclose does not contain 
an island in its centre. 

If a coral-reef be observed, — say a portion of an encircling 
barrier-reef — the following are the general phenomena which 
may be noticed. The general shape of the reef is triangular, 
presenting a steep and abrupt wall on the seaward side, and 
having a long and gentle slope towards the land. The outer 
margin of the reef is exposed to the beating of a tremendous 
surf, whilst the soundings taken just outside the line of 
breakers always indicate great depths. The longer inner slope 
is washed by the calm waters of the inner lagoon or channel. 
The reef is only very partially composed of living corals, 
which are found to occupy a mere strip, or zone, along the 
sea- ward margin of the reef, whilst all above this, as well as 
all below, is constituted by dead coral, or * coral-rock.' 

As to the method in which such a reef is produced, the fol- 
lowing facts have been established : — 

A. The coral-producing polypes cannot exist at levels higher 
than extreme low water, exposure to the sun even for a short 
period, proving rapidly fatal. It follows from this that no coral- 
reef can be raised above the level of the sea by the efforts of 
its builders. The agency whereby reefs are raised above the 
surface of the sea, is the denuding power of the breakers which 
constantly fall upon their outer margins. These detach large 
masses of dead coral, and heap them up in particular places, 
until an island is gradually produced. The fragments thus 
accumulated are compacted together by the finer detritus of 
the reef, and are cemented together by the percolation of water 
holding carbonate of lime in solution. In this way the upper 
surface of the reef, along a line of greater or less breadth, is 
more or less completely raised above the level of high water. 
It is obvious, however, that the reef might be entirely de- 
stroyed by a continuation of this process — the sea being quite 
competent to undo what it had done — unless some counteract- 
ing force were brought into play. This counteracting force is 
found in the vital activity of the living corals which form the 
seaward margin of the reef, and which, by their growth, pre- 
vent the sea from alwan/s destroying the masses of sediment 
wHch it may have thrown up. 

B. The coral-producing polypes cannot exist at depths ex- 
ceeding some 15 to 30 fathoms. It follows from this that no 
coral-reef can be commenced upon a sea-bottom deeper than 
about 30 fathoms. The question now arises; in what way 
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have reefs been produced, whicli, as we have seen, rise out of 
depths of 300 fathoms or more ? This question has been an- 
swered by Darwin, who showed that the production of barrier- 
reefs and atolls was really to be ascribed to a gradual subsi- 
dence of the foundations upon which they rest. Thus, if a 
fringing-reef which surrounds an island is supposed gradually 
to sink beneath the sea, the upward growth of the corals will 
neutralise the downward movement of the land, so far, at any 
rate, that the reef will appear to be stationary, whilst it is 
really growing upwards. The island, however, as subsidence 
goes on, will gradually diminish in size, and a channel will be 
formed between it and the reef. If the depression should be 
still continued, the island will be reduced to a mere peak in 
the centre of a lagoon ; and the reef, from a ' fringing-reef,' 
will have become converted into an * encircling barrier-reef.* 
As the growth of the reef is chiefly vertical, the continued de- 
pression will, of course, have produced deep water all round 
the reef. If the subsidence be continued still ftirther, the cen- 
tral peak will disappear altogether, and the reef will become 
a more or less complete ring surrounding a central expanse of 
Water ; thus becoming converted into an * atoll.' The produc- 
tion, therefore, of encircKng barrier-reefs and atolls is thus 
seen to be- due to a process of subsidence of the sea-bottom. 
The existence, however, of fringing-reefs is only possible when 
the land is either slowly rising, or is stationary, and as a mat- 
ter of fact, fringing-reefs are often found to be conjoined with 
up-raised strata of post-tertiary age. 

C. Different portions of a coral reef are occupied by different 
kinds of corals. According to Agassiz, the basement of a 
coral-reef is formed by a zone of massive Astroeans. These can- 
not flourish at depths of less than six fathoms of water, and 
consequently when the surface of the reef has reached this 
level, the Astrceans cease to grow. Their place is now taken 
by Meandrinas (Brain-corals) and Porites, but these, too, can- 
not extend above a certain level. Finally the summit of the 
reef is formed by an aggregation of less massive corals, such as 
MadreporidcB, Milleporidce, and Oorgonidoe, 

Distribution of Actinozoa m Time.— With the single ex- 
ception of the Mollusca, no division of the animal kingdom 
contributes such important and numerous indications of its 
past existence, as the Actinozoa. 

In the Palaeozoic Rocks, the majority of corals belong to the 
division Ricgosa, these seeming to have filled the place now 
taken by the sclerodermic Zocmthcma, The order BAigosa is 
entirely Palseozoic, with the single exception of the genus Holo* 
eystis, which is represented in tihie Secondary Eocks by a single 
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species (viz. S, elegcms, from the Lower Greensand), In the 
lower Palaeozoic Rocks the Enigosa are especially abundant ; 
but in the Permian formation the order is represented by the 
single genus Pol/yccelia. 

The Zocmthcma Sclerodermata, though attaining their maxi- 
mum at the present day, nevertheless are well represented 
in past time, beginning in the Silurian period. One subdi- 
vision of this group, the Tuhulosa, is entirely confined to the 
Palaeozoic Rocks, and another, the Tdbulata, is chiefly Palaeozoic. 
The Perforata and Aporosa^ on the other hand, are more abun- 
dant in the Mesozoic and Kainozoic Epochs. 

The Zoam^tharia Sderdbasica are hardly known as fossils, but 
the Miocene deposits of Piedmont (Middle Tertiary) have 
yielded a species of Antipathes, 

The Zoantliaria Malacodermata, from the soft nature of their 
bodies, are obviously incapable of leaving any traces of their 
existence ; though we are by no means therefore justified in 
asserting that they did not exist in past geological epochs. 

The Alcyonaria are very doubtfiilly represented in rocks older 
than the Chalk ; the Lower Silurian fossil, called ProtovirgU' 
laria, being more probably referable to the Hydrozoa. One of 
the FennatulidcB (viz. Qraphularia) has been found in the Lon- 
don Clay (Eocene), and the same formation has likewise 
yielded two species of Gorgonidm (Mojpsea and Websteria), 
The genus GoralUum has likewise been found in deposits of 
Miocene age. 

The Ctenophora, being entirely destitute of any hard 
structures, are not known at all as occurring in the fossil 
condition. 

AFPBin)IX OIYING ▲ TABULAB VIEW OF THE DIVISIONS OF THE ZOAKTBABIJL 
SCLEBODEBMATA AND RUGOSA (aFTEB MILNE-EDWABDS AND JJJJJSa HAIHB), 

A. The Zoantharia Sclerodermata are defined by the possession of a 
sclerodermic corallum, the parts of which are arranged m multiples of 
five or six. Septa generally well developed, but not combined, as a rule, 
with tabulae. 

The following chief divisions of the Zoantharia Sclerodermata are, with 
few alterations, those adopted by the above mentioned authorities :— 

I. Tabulata. — Septa rudimentary or absent ; tabulae well developed, di- 
viding the visceral chamber into a series of stories. 

1. Thecidcs. — Corallum massive; a dense spurious ccenenchyma formed 

by the lateral union of the septa ; tabulae numerous. 

2. Favo&itida. — Septa and corallites distinct; little or no true ccenen- 

chyma. 

3. SeriatoporideB. — Corallum arborescent; sclerenchyma abundant and 

compact ; tabulae few. 

4. MUleporidcB. — Corallum massive or foliaceous ; septa not numerous ; 

sclerenchyma tabular or cellular. 
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II. Pbefobata. — Septa well developed ; notabulse; dissepiments rudimen- 

tary ; sclerenchyma porous. 

5. EupsamnUda. — Corallum simple or composite ; septa well developed 

and lamellar ; columella spongiose. 

6. Poritida. — Corallum composed of spongy^ reticulated sclerenchyma. 

Septa never lamellar, but consisting wholly of a more or less definite 
series of trabecule ; no tabulae. 

7. MadrejpoHdcB. — Corallum usually composite; ccenenchyma abundant 

and spongy; thecse porous, not distinct from the ccenenchyma; 
septa distinct, but slightly perforate. 

III. Apobosa. — Septa well developed, completely lamellar, and primitively 

consisting of six elements ; notabulse; sclerenchyma imperforate. 

8. Fungida. — Corallum simple or compound ; thecse ill developed, and 

somewhat porous; no dissepiments or tabulse; synapticulse nu- 
merous. 

9. Astrmda, — Corallum simple or compound ; no proper ccenenchyma ; 

numerous dissepiments ; no synapticulse. Corallites well defined and 
separated from one another by perfect walls. 

10. OcidinicUB. — Corallum composite; ccenenchyma abundant and com- 
pact ; dissepiments few in number. Walls of the corallites without 
perforations, not distinct from the ccenenchyma. 

11. TurbinolidcB. — Corallum usually simple ; no ccenenchyma ; septa well 
developed ; no dissepiments, nor synapticulse. 

IV. TuBULOSA. — Septa indicated by mere strise ; thecse pyriform ; corallites 

sometimes connected by a creeping basal ccenenchyma. 

12. Auloporida. — This being the only family in the Ttilmlosa, its charac- 
ters are necessarily the same as those of the division itself. 

B. Obdeb Kuoosa. — Characterised by the possession of a sclerodermic 
corallum, usually with septa and tabulse combined, the former being in 
multiples of four. The corallites are always distinct, and are never united 
together by a ccenenchyma. The septa are usually incomplete, but are 
never porous, and never bear synapticulse. The order is divided into the 
following four families : — 
Family 1. Staurida. 

Corallum simple or composite ; septa incomplete, united by lamellar 
dissepiments ; four large primary septa, forming a cross. 
Family 2. CyathaxonidcB, 

Corallum simple; septa complete; no dissepiments or tabulse; with- 
out four primary septa. 
iFamily 3. CyatnophyllidcB. 

Corallum simple or composite ; septa incomplete ; tabulae generally 
present. 
Family 4. Cystiphyllida, 

Corallum simple, composed chiefly of a vesicular mass, with but 
slight traces of septa. 
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ANNULOIDA. 



CHAPTER XV ill. 

1. General Characters of the Annuloida. 2. General 
Characters of the Echinoderaiata. 

ScB-KiNGDOM HI. AiTNULOiDA (= Echmozoa, Allman). — ThiA 
Bub-kingdom was proposed by Professor Huxley for fclie in- 
ception of the two gronps of the Echinodermata and the ScO'* 
lecida, of which the former belonged to the old snb-kingdom 
Badiata ; whilst the latter was formerly classed with the 
Annulosa, The same sections have been grouped by Professor 
Allman together, under the name Echinozoa ; the Botifera^ 
however, being excluded fix)m this division and classed with 
the Armuloaa, By others, again, the Annuloida are looked 
upon as a section of the Annulosa^ and not as a distinct sub^ 
kingdom. Provisionally, however, it seems best to regard 
the Annuloida as one of the primary divisions of the animal 
kingdom, it being impossible, in the meanwhile, to frame a 
definition common to it and to the An/rmlosa. 

The Annuloida are distinguished hy the presence of a distinct 
nervous system, and the possession of an alimentary canal which i4 
entirely shut off from the general cavity of the body, A jpeculia/f 
system of canals, usually com/municating udth the exterior, a/nd 
termed the * water^vascular,^ or * aquiferous,^ system is present 
in all ; a/nd a true vascular apparatus is sometimes present. In 
none is the body of the adult composed of definite segments, or 
provided with * bilaterally disposed successive pairs of op* 
pendages/ 

By Professor Allman the following definition has been given 
of the Annuloida or Echinozoa : — 

'Animals composed of numerous merosomes' (body-seg- 
ments) * which are disposed radially round a longitudinal 
axis ; always with a determinable, median, antero-posterior 
and dorso- ventral plane. A distinct body-cavity from which 
the alimentary canal is entirely shut oflT, and which, therefore^ 
never communicates with the outer world through the 
mouth.' 

The Annuloida are divided into two great classes, the 
Echinodermata and the Scoledda, 
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Class I. Echinodeemata. 

The members of this class are known commonly as Sea- 
urchins, Star-fishes, Brittle- stars, Feather- stars, Sea-cncnmbers, 
&c., and the following are their leading characteristics. They 
are al^ animals which, in the adnlt condition, show a more or 
less distinctly radiate condition of their parts, especially of 
those around the nionth ; whilst in their embryonic stages 
they are more or less distinctly bilaterally symmetrical. The 
external envelope of the body (* perisome') is either composed 
of ntimerous calcareous plates, articulated together, or of a 
coriaceous integument, in which calcareous granules and 
spicules are usually developed. In all adult EcTiinoderms there 
\b a system of tubes, termed the * ambulacral system,' which 
subserves locomotion, and usually communicates with the 
exterior. An alimentary canal is always present, and is com- 
pletely shut off from the body-cavity. In many, if not in all, 
both neural and haemal systems are developed. The nervous 
system in all the adult JEchmodeimis is a ring-like gangliated 
cord, which surrounds the oesophagus, and sends branches 
parallel to the radiating ambxdacral canals. 

The special features of the structure of the EcMnodermata will 
be noticed under each order, but it will be as well to give here 
an abstract of Professor Huxley's description of the process of 
development in the members of the class. In the great 
majority, if not in all, of the EcMnodermata the impregnated 
ovum is developed into a free-swimming, ciliated, ovoid embryo. 
Soon the cilia become restricted to one, two, or more bands, 
which are generally disposed transversely to the long axis of 
the body, and are in all cases bilaterally synmietrical. The 
parts of the body which support the cilia are usually developed 
into protuberances, or processes, which are symmetrically dis- 
posed upon the two sides of the body. * The larvae of Asteridea 
and Holothuridea are devoid of any continuous skeleton, but 
those of Ophiuridea and Echinidea possess a very remarkable, 
bilaterally symmetrical, continuous, calcareous skeleton, which 
extends into, and supports the processes of the body.' In thi* 
stage the larva form of the two orders last mentioned was 
described by Miiller as a distinct animal, under the name of 
Phiteus, from its resemblance to a painter's easel. (See 
fig. 33, 1.) 

An alimentary canal soon appears in the larva, forming a 
curve with an open angle towards the ventral surface of the 
organism. The parts of the alimentary canal consist of a mouth, 
gidlet, globular stomach, and short intestine, with a distinct 
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anal apertnre; the whole being 'disposed in a longitudinal 
and vertical plane, dividing the larval body into two symme- 
trical halves.' Besides the digestive canaJ, no other organs 
have hitherto been discovered in these larvae. In the farther 
process of development, *an involution of the integument 
takes place upon one side of the dorsal region of the body, sd 
as to give rise to a caecal tube, which gradually elongates 
inwards, and eventually reaches a mass of formative matter, 
or blastema, aggregated upon one side of the stomach* 
Within this, the end of the tube becomes converted into a 
circular vessel, from which trunks pass off, radially, through 
the enlarging blastema. The latter, gradually expanding^ 
gives rise in the JEJchirddea, the Asterideay the Ophiundea, and 
the Grinoidea to the body-wall of the adult ; the larval body 
and skeleton (when the latter exists), with more or less of the 
primitive intestine, being either cast off as a whole, or dis- 
appearing, or becoming incorporated with the secondary 
development, while a new mouth is developed in the centre of 
the ring formed by the circular vessel. The vessels which 
radiate from the latter give off diverticula to communicate 
with the cavities of numerous processes of the body — ^the so- 
called feet — which are the chief locomotive organs of the 
adult. The radiating and circular vessels, with all their 
appendages, constitute what is known as the "ambulacral 
system ; " and in Asterids and Echinids this remarkable system 
of vessels remains in communication with the exterior of the 
body by canals, connected with perforated portions of the 
external skeleton — the so-called "madreporic canals" and 
" tubercles." In OpMurids the persistence of any such com- 
munication of the ambulacral system with the exterior is 
doubtful, and still more so in Grinoids, In Molothurids no 
such communication obtains ; the madreporic canals and their 
tubercles depending freely from the circular canal into thd 
perivisceral cavity.' 

By Professor Wyville Thomson the larva of the EcMnodeT' 
mata is termed the * pseud-embryo ; ' since it leads a perfectly 
independent existence, and the true Ecliinoderm is usually 
developed out of a portion only of its substance. 

The EcMnodermata are divided into seven orders, viz. the 
Crinoidea, Gystoidea, Blastoidea, Ophiuroidea, Asteroidea, JEchi" 
noidea and Holothuroidea. Of these, the first is almost extinct 
and the two next are entirely so ; they are really the lowest 
orders ; but their structure will be better understood if the 
higher orders are considered first. 
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CHAPTER XrX. 

ECHINOIDEA, 

Order Echinoidea. — The members of this order — commonly 
known as Sea-urchins — are characterised by the possession of 
a subglobose, discoidal, or depressed body, encased in a ' test,' 
or shell, which is composed of numerous, immovably con- 
nected, calcareous plates. The intestine is convoluted, and 
there is a distinct anus. The mouth is usually armed with 
calcareous teeth, and is always situated on the inferior surface 
of the body, but the position of the anal aperture varies. The 
larva is pluteiform and has a skeleton. 

The * test' of the Echmoidea is composed of numerous cal- 
careous plates, firmly united to one another by their edges, 
and bearing different names according to their position aud 
function. In all recent jmembers of the order the test is com- 
posed of twenty rows of these plates, arranged in ten alter- 
nating double rows of plates, which pass from the one pole of 
the animal to the other. Five of these double rows are com- 
posed of large plates, which are not perforated by any apertures 
{Jig, 32) ; the zones formed by these imperforate plates being 
termed the 'inter-ambulacral areas.' The other five double 
rows of plates alternate regularly with the former, and are 
termed the 'ambulacral areas,' or * poriferous zones.' Each of 
these zones is composed of two rows of small plates, which 
fere perforated by minute apertures for the emission of the 
* ambulacral tubes,' or * tube-feet.' Growth of the test is carried 
on by additions made to the edge of each individual plate, by 
means of an organised membrane which passes between the 
sutures, where the plates come into contact with one another. 
The plates of the test are studded with large tubercles, which 
are more numerous on the inter-ambulacral areas than on the 
ambulacral, and are wanting on all the plates which do not 
belong to either area. These tubercles carry spines, used 
defensively and in locomotion, which are articulated to their 
apices by means of a sort of * universal,' or 'ball-and-socket,' 
joint. Occasionally a small ligamentous band passes between 
the head of the tubercle and the centre of the concave arti- 
cular surface of the spine, thus closely resembling the * round 
ligament' of the hip-joint of man. Besides the main rows of 
plates just described, other calcareous pieces go to make up 
the test of an Echmus, The, mouth is surrounded by a coria- 
ceous buccal membrane, which contains a series of small 
calcareous pieces, known as the ' oral plates ; ' whilst a cor- 
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responding Beries of * anal plates' is fonnd in the membrsne 
anrroanding the opposite terminatioQ of the ahmentary canal. 
In addition to these minute ossicnla, at the summit of the test 
is the ' apical diac,' composed of the so-called genital and 
ocnlar plat^ (fig. 32, 3). The ' genital plates' are five large 
plates of a pentagonal form, each of which is perforated by 
the duct of an ovaiy or testis. One of the genital plates is 
Lu^er than the others, and supports a spongy tubercle, per* 
forated by many minute apertures, like the rose of a watering* 
pot, and termed the ' madreporiform tubercle.* The genital 
plates occupy the summits of the inter-ambolacral areas. 
Wedged in between the genital plates, and occupying the 
summits of the ambniacral areas, are five smaller, heart-shaped, 
or pentagonal plates, known as the 'ocular plates,' each 
being peribratm by a pore for the ireoeptdon of an ' oceUns' 
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Besides the spines, which are sometimes of a very great 
length, the test often bears curious little appendages, c»Jled 
' p^cellarice,' and often supposed to be parasitic. Each of 
these consists of a stem, bearing two or three blades or olaws, 
which snap together and close upon foreign objects, like the 
beak of a bird. Their action appears to be independent of 
the wOI of the animal, and their true fonctiou is not known. 

Locomotion in the Eckmoidea is effected by means of a 
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singular system of contractile and retractile tubes, which con- 
stitute the ' ambulacral tubes,' or ' tube-feet,' and are connected 
with the * ambulacral system' of aquiJ^erous canals {fig. 33, 2). 
From the perforated * madreporiform tubercle' on the largest 
of the genital plates, there proceeds a membranous canal, 
known as the * stone,' or * sand canal,' whereby water is coup 
veyed from the exterior to a circular tube, surrounding the 
CBSophagus, and constituting the centre of the water- vascular 
or ambulacral system. The function of the madreporiform 
tubercle appears to be that of permitting the ingress of water 
&om the exterior, but of excluding any solid particles, which 
might be injurious. The * circular canal,' surrounding the 
gullet, is situated between the nervous and blood-vascular 
rings, and gives off five branches — the * radiating canals ' — 
which proceed radially along the * ambulacral areas ' in the 
interior of the shell. In this course they give off numerous 
short lateral tubes — ^the 'tube-feet,' — which pass through 
the * ambulacral pores ' to gain the exterior of the test, 
and terminate in suctorial discs. Besides the radiating am- 
bulacral canals, there are connected with the circular canal 
two vesicles, of unknown function, known as the *Polian 
vesicles' {aTrvpulloe Policmoe). The ambulacral tubes, or tube- 
feet, can be protruded at the will of the animal, through 
the pores which perforate the ambulacral areas, and can be 
again retracted. By means of these locomotion is effected, the 
tube-feet being capable of protrusion to a length greater than 
that of the longest spines of the body. The mechanism by which 
the tube-feet are protruded and retracted, is as follows : — 
Each tube-foot, shortly after its origin, gives rise to a 
secondary lateral branch, which terminates in a vesicle. 
These vesicles are provided with circular muscular fibres, by 
the contraction of which their contained fluid is forced into 
the tube-feet, which are thus protruded. B;etraction of the 
ambulacral tubes is effected by proper muscular fibres of their 
own, which expel again the fluid which has been forced into 
them by the vesicles. According to Owen, the terminal sucker 
in each tube-foot of the Echirms is * supported by a circle 
pf five, or sometimes four, reticulate calcareous plates, which 
iiitercept a central foramen, and by a singlte, delicate, reticu- 
lated, perforate plate on the proximal side of the preceding 
group. The centre of the suctorial disc is perforated by an 
aperture conducting to the interior of the ambulacral tube- 
foot.' This perforation of the suctorial discs of the ambulacra, 
though affirmed by Yalentin, is denied by Miiller ; and it is 
difficult to believe that it would not impair the functions of 
the feet in the act of protrusion. 



AmfULOIDA: EOEINODEBHATA. 



127 



The digestive eystem of the Schvam conaiBts of a month, 
armed with five long, calcareoue, rod-like teeth, which per- 
forate five triangular pyramidB, the whole forming a singular 
etractnre, known as 'Aristotle's lantern.' The mouth condnctn 
by a pharynx and a tortuous oesophagus to a stomach, opening 
into a convoluted intestine, which winds round the interior of 
the shell, and terminates in a distinct anas. The mouth ia 
always situated at the base of the test, and may be centi^, 
sub-central, or altogether ezcentric in position. The auuA 
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varies considerably in its position, being usually sitaated 
within the apical disc, and snrronnded by the genital and 
ocular plates. Sometimes, however, the anal aperture ia 
without the apical disc, and is removed to some distance &om 
the genital plates. The convolutions of the alimentary canal 
are attached to the interior of the test by a delicat* mesentery; 
the surfece of which, aa well as that of the lining- membrane 
of the shell, ia richly ciliated, and subserves the purposes of 
respiration. 

The proper blood- vascular system (Jig. 33, 2) consists of a 
central, fusiform, contractile vesicle, or heart. This gives off 
one vessel, which forms a ring round the intestine near the 
anus, and another which passes downwards, and forms a circle 
round the gullet, above the ' circnlar canal' of the ambnlacral 
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system. From the anal vessel proceed five arterial branches, 
which run along the ambnlacral spaces, and return their blood 
by five branches, which run alongside of them in an opposite 
direction. 

The nervous system consists of a gangKonated circular 
cord, which surrounds the gullet below, or superficial to, the 
* circular canal' of the ambulacral system, and which sends 
five branches along the ambulacral spaces, in company with 
the radiating ambulacral canals. 

There is no distinct respiratory organ, but the function of 
aeration of the blood appears to be performed partly by the 
vascular lining of the test and the mesentery, and partly by 
the secondary ambulacral vesicles. The perivisceral cavity is 
filled with sea- water, but the mode in which this is admitted, 
or renovated, is not known with certainty. According to 
Tiedemann, the water gains access to the interior by means of 
ten short, branched processes, which are attached to the 
extremities of the inter-ambulacral areas round the mouth ; 
but others deny that these are perforated by any apertures. 

The sexes are distinct in all the Echirtoidea, and the repro- 
ductive organs are in the form of five membranous sacs, which 
occupy the inter-ambulacral areas, and open on the exterior 
by means of the apertures in the genital plates. 

The Echmoidea may be divided into the following principal 
£a.milies : — - 

Fam. I. ddarida. 

Body nearly globular; mouth on the lower surface, central; anus 
• opposite the mouth, situated within the apical disc, surrounded by the 
genital and ocular plates. Dental apparatus well developed. Am- 
bulacra continuous from pole to pole (ambulacra perfecia), 
Fam. II. Clypeastrida. 

Body discoid ; mouth central, or sub-central ; anus posterior, mar- 
ginal, or infra- marginal. Ghenital plates with the madreporiform' 
tubercle in their centre. Dental apparatus well developed. Ambulacra 
forming a five-rayed rosette on the dorsum of the test (ambulacra 
circumscHpta). 
Fam. III. Spatangida, 

Body usually cordiform; mouth excentric. Anus posterior, and 
supra-marginal. No dental apparatus. Ambulacra circumscript. 
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CHAPTER XX. 

MTESOmSA AUD OPHIUBOIDEA. 

Obdbr Astbboidea {Stell^da). — This order comprises the 
ordiaarj star-fishes, and is defined by the following charac- 
ters : — ^Tbe body is star-shaped, ajid consists of a central body 
or * disc,' sorronnded by five or more lobes, or ' arms,' which 
radiate from the body, are hollow, and contain prolongations 
of the viscera. The body is not encloeed in an immovaWe box, 
as in the Echinmdea., bnt the integument ('periaome') is cori- 
aceous, and is strengthened by irregular calcareous plates, or 
studded by calcareous spines. No dental appaJ-atna is present. 
The mouth is inferior, and centralin position ; the anas either 
absent or dorsal. The ambnlacral tnbe-feet are protruded 
from, grooves on the under sur&ce of the rays. The larva is 
vermiform and has no skeleton. 

The skeleton of the AKteroidea is composed of a vast number 
of small calcareous plates, or ossicala, united together by the 
coriaceous perisome, so as to form a species of chain-armour. 
Besides these, the integnment is abundantly supplied with 
spines, tabercies, and ' pedicellariBB.' The upper sur&ce of a 
star-fish corresponds to the combined inter-ambnlacral areas 
of an Echinvs, and exhibits the aperture of the anns (when 
present), and the ' madreporiform tubercle,' which is situated 
near the angle between two rays. The inferior or ventral sur- 
&ce corresponds to the ambulacral areas of an Echmiis, and 
exhibits the mouth and ambulacral grooves. 




SCor-Sili or CroH-Sifa. 



The month is central in position, and is not provided with 
teeth ; it leads, by a short gullet, into & large stomach, ^m 
which a pair of sacculated diverticula are prolonged into each 
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ray. A distinct intestine and anus may, or may not, be pre- 
sent ; bnt the anus is sometimes wanting. 

The ambnlacral system is essentially the same as in the 
Echinoidea, and is connected with the exterior by means of 
the *madreporiform tubercle,' or 'nucleus,' two, three, or more 
of these being occasionally present. The ambulacral tube-feet 
are arranged in two or four rows, along grooves in the under 
surface of the arms. 

The blood-vascular system consists, as in the IjcMnus^ of 
two circular vessels, one round the intestine, and one round 
the gullet, with a dilated tube, or heart, intervening between 
them. There are no distinct respiratory organs, but the sur- 
faces of the viscera are abundantly supplied with cilia, and 
doubtless subserve respiration ; the sea- water being freely ad- 
mitted into the general body-cavity by means of numerous 
contractile cihated tubes, winch project from the dorsal sur- 
face of the body, and are perforated at their free extremities. 
(Owen.) 

The nervous system consists of a gangliated cord, surround- 
ing the mouth, and sending filaments to each of the rays. At 
the extremity of each ray is a pigment-spot, corresponding to 
one of ihe ocelli of an Eckinus, and, like it, supposed to be a 
rudimentary organ of vision. The eyes are often surrounded 
by circles of movable spines, called * eye-lids.' 

The generative organs are in the form of rami6ed tubes, ar- 
ranged in pairs in each ray, and emitting their products either 
into the surrounding medium, by means of efferent ducts which 
open round the mouth, or into the general body-cavity, by de- 
hiscence, the external medium in this latter case being ulti- 
mately reached through the respiratory tubes. In their deve- 
lopment, the Asteroidea show the same general phenomena as 
are characteristic of the class ; but the larvee are not provided 
with any continuous endoskeleton. 

The general shape of the body varies a good deal in different 
members of the order. In the common star-fish ( Uraster ru- 
hens, fig. 34) the disc is small, and is furnished with long, fin- 
ger-like rays, usually five in number. In the Solasters the 
disc is large and well marked, and the rays are from twelve to 
fifteen in number, and are narrow and short (about half the 
length of the diameter of the body). In the Goniasters the 
body is in the form of a pentagonal disc, fiattened on both 
sides ; the true * disc ' and rays being only visible on the under 
surface of the body. In none of the true star-fishes, however, 
are the arms ever sharply separated from the disc, as ii^ the 
OpMuwidea^ but they are always an immediate continuation 
of it. 
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The order Asteroidea has been divided by Dr. Gray as fol- 
lows : — 

Order Asteroidr\. 

Section a. Ambulacra with four rows of feet. 

Family 1. AsteriadcB. Dorsal wart simple. 
Section b. Amhulacra with two rows of feet. 

Family 2. Astropectinida. Back flattish, netted with numerous tu- 
bercles, crowned with radiating spines at the tip, called * paxillse.' 

Family 3. PentacerotidcB. Body supported by roundish or elongated 
pieces, covered with a smooth or granular skin, pierced with minute 
pores between the tubercles. 

Family 4. Asterinida. Body discoidal or pyramidal ; sharp-edged ; 
skeleton formed of flattish, imbricate plates ; dorsal wart single, 
rarely double. 

Order Ophiuroidea. — This order comprises the small but 
familiar group of the 'Brittle-stars ' and 'Sand- stars,* often con- 
sidered as belonging to the Asteroidea, to which they are nearly 
allied. The body in the Ophiuroidea (fig. 35) is discoidal, and is 
either naked, or is covered with granules, spines, or scales. 
From the body — which contains all the viscera — proceed long, 
slender arms, which may be simple or branched, but which do 
not contain any prolongations from the stomach, nor have their 
under surface excavated into ambulaci^^l grooves. The arms, 
in fact, are not simple prolongations of the body, as in ther^s- 
teroidea, but are special appendages, superadded for locomotive 
and prehensile purposes. Each arm is enclosed by four rows of 
calcareous plates, one on the dorsal surface, one on the ventral 
surface, and two lateral. In the centre of each arm is a chain 
of quadrate ossicles, forming a central axis, and between this 
axis and the row of ventral plates is. placed the ambulacral 
vessel. The mouth is situated in the centre of the inferior 
surface of the body, is provided with a masticatory apparatus, 
and is surrounded by tentacles. It opens directly into a 
ciliated stomach, which is not continued into an intestine, 
the mouth serving as an anal aperture. The reproductive 
organs are situated near the bases of the arms, and open 
by orifices on the ventral surface of the body or in the inter- 
brachial areas. 

It is very questionable whether the ambulacral system in 
the adult Ophiuroidea communicates with the exterior; its place 
as a locomotive apparatus being taken by the arms. 

The larva of the Ophiuroidea is pluteiform and is famished 
with a continuous endoskeleton ; and in some, as in Ophio^ 
lepis squamata, the echinoderm-body appears within the larva, 
when the latter has attained. but a very imperfect degree of de- 
velopment. 

k2 
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In Euryale the body is in the form of a snb-globose disc with 
five obtnse angles, and the arms are prehensile. In Asterch- 
phyton, the Mednsa-head star, the arms are divided &om the 
base, first dichotomously, and then into many branches. In 




Fig. 86.~Ophiiiroidea.— OpAioeofna negleda. 

Ophmra, the sand-star, the arms serve for reptation (creepin^^), 
and are undivided, ofben exceeding the diameter of the disc 
many times in length. 

The order Ophmroidea may be divided into two families, as 
follows : — 

Family 1. Ophiuridc(U 

Genital fissures two or four in number. Anns five, always simple. 
Family 2. AaterophyduB. 

Genital fissures ten in number. Arms fire, simple or branched. 



^ 
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CHAPTER XXI. 

CRINOIDEA, CY8T0IDEA AND BLASTOIDEA. 

Order Crinoidea. — The members of tHs order are Bchi- 
nodermata, in which the body is Jixed, du/rmg the whole or a 
jportion of the existence of the anvnial, to the sea-hottom by means 
of a longer or shorter, joi/tited, and flexible stalk. The body is 
distinct, composed of articulated calcareous plates, bnrsiform, 
or cup-shaped, and provided with soUd arms, which are 
primarily from five to ten in number, are independent of 
the visceral cavity, and are grooved on their upper surfaces 
for the ambulacra. (The position of the body beiog reversed, 
the upper surface is ventral ; whilst the dorsal surface is inferior, 
and gives origin to the pedicle.) The mouth is central, and 
looks upwards, an anal aperture being sometimes present, 
sometimes absent. The ovaries are situated beneath the skin 
in the grooves on the ventral surfaces of the arms. or pinnules. 
The arms are furnished with numerous lateral branches or 
*pinnul8B.' The embryo is *free and ciliated, and develops 
within itself a second larval form, which becomes fixed by a 
peduncle. ' — (Huxley. ) 

Of those Grmoidea which are permanently fixed to the sea- 
bottom by a jointed pedicle, there exist but one or two living 
forms, of which the best known is the Pentacriniis Caput- 
Medusce, In this type of the Crvnoidea — largely represented 
in past geological epochs — the body is composed of a series of 
calcareous plates, united together so as to form a cup, or 
* calyx,' the bottom of which is continued into a * column,' or 
pedicle, composed of a series of calcareous joints or articula- 
tions, whereby the animal is fixed to some foreign body. The 
upper part of the calyx is roofed over by a series of calcareous 
plates, and is perforated by the apertures of the mouth and 
anus, the latter being sometimes absent. In the recent 
species the mouth is central, and there is a distinct anus 
at one side. The margin of the calyx gives origin to the 
arms, which are grooved on their upper (or ventral) sur- 
faces for the ambulacra. In the living Ormoids the am- 
bulacral grooves are continued along the upper surface of the 
calyx to the mouth. In the Palaeozoic Gri/iioids there is only 
a single opening on the upper surface of the calyx, which is 
sometimes central and sometimes lateral, and which serves 
both as a mouth and anus. In many cases this aperture is 
level with the surface of the calyx, but in many species it is 
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placed at the Btunmit of a long, projecting tnbe, which ia 
termed the ' proboacis.' The ambiilacral grooves in the Palaso- 
EOic Griiioids are foand on the 
ventral anrfaces of the arms, 
as in the liTing species ; bat 
instead of being coatinned 
over the surface of the body 
to the month, they stop 
short at the bases of the 
arms, where they gain ac- 
cess to the interior of the 
calyx by a series of epeciaJ 
apertn res, — (Billings. ) 

More recently a stalked 
Crinoid has been discovered 
in the Atlantic and fforth 
Sea, and has been described 
under the name of Rkizo- 
eriiMis Lofotengie. The chief 
interest of this form is 
the fact that it belongs to 
a gronp of the Criaoidea 
hitherto believed to be ei- 
clnaiTely confined to the 
Mesozoic Bocks, viz. the 
Apioerimda or 'Pear-encri- 
nites.' In fact, BAtzoerwiwa 
is very closely allied to the 
Cretaceous genus Bourgue- 
ticri'H'Ug, and it may even be 
doubted if it is generically 
Bearable from it (Jig. 36). 

in the second type of tiie 

Crinoidea — represented in 

our seas by the CoTriatula, or 

Feather-star — the animal is 

Fig. B6.-Crfi«iw«: Minwn™ zo/wn,™. Dot permanently fixed, but IS 

■ living Crinoid (after wjvixie Thonuon], only attached bvastaJk when 

fonrUmeBtbenHtnral ilie. a. Stem. (. •' . , . f ,■,. .. 

Cu;i. e <■ Arms, young, in which condition it 

was described as a distinct 
species, under the name of Pentaainut Evropcetts. In its 
adult condition, however, the Gomalula is free, and consists 
of a pentagonal disc, which gives origin to ten slender arms, 
which are fringed with many marginal pinnnls or ' cirri." 
The mouth and anas are on IJie ventral surface of the disc, 
which in this case is again the inferior surface, since the ani- 
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rati creeps about by meana of its pinnated arms. The month 
is central in poBition, and the anus, which in some species 
fornis a taboW projection, is sitnated on one side. Both the 
arms and the lateral pinnnlte are grooved on their ventral anr- 
&ces for the ambulacra ; and the pinnnles also serve for the 
snpport of the reprodnctive organs. It is extremely donbtfiil 
if the ambalacral system, in the adult, has any communication 
with the exterior, 

Okdbb Ctstoidea (OysUdea). — The members of this order 
are all extinct,* and are entirely confined to the PalsBozoic 
period. The body (Jig. 37) was more or less spherical, and was 
protected by an external skeleton, composed of nnmerous 
polygonal calcareona plates, accurately fitted together, and 
enclosing all the viscera of the animaJ. The body was in 
most cases permanently attached to the sea-bottom by means of 
a jointed calcareous 'column,' or pedicle, bnt this was much 
shorter than in the majority of Grinoids. Upon the npper 
surface of the body were two, sometimes 
three apertures, the functions of which have 
been a matter of considerable controversy. 
One of these is lateral in position, is de- 
fended by a series of small valvular plates, 
and is believed by some to be the month, 
whilst by others it is asserted to have been 
an ovarian aperi;nr6. The second opening 
is central in position, and is believed by 
Mr. Billings to be the 'ambnlacral orifice,' 
as it is always in the centre of the arms, 
when these «K present. The third aper- 
ture is only occasionally present, and 
doubtless discharged the functions of an j 

■In some Gysioidea there were no arms, 
properly speaking, but only small pin- 
nulaa. In a second section tme arms 
were present, but these were bent backwards, and were 
immovably soldered down to the body. In one single species 
(Comaroey stiiet prnietahig, BiUinga) the development has gone 
farther, the arms being &ee, and provided with lateral 
pinnnhe, as in the true Crinoidt. 

Many Cystideaos are likewise provided with a system of 
pores, or fissures, penetrating the plates of the body, and 

• ReceDtlj Profeeaor Liiveii Ii«B daBcribed a singular AuBtwilian 
Echinoderm m being moat closely allied to, if not trul; referable to, tbe 
oilier Ci/etoidea. He lias named this cutioub form Hy^pomrme Sarin, and 
believea It to be nearly related, to the Cyatideon genufi Affelaerinitea. 
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nsually arranged in definite groups. These groups are termed 
'pectinated rhombs/ but their exact function is entirely 
unknown. 

Order Blastoidea. — The members of this order, like those 
of the preceding, are all extinct, and are entirely confined to 
the PalsBOzoic period. The body was fixed to the bottom of the 
sea by means of a short jointed pedicle ; it was globular or oval 
in shape, and composed of solid polygonal calcareous plates, 
firmly united together, and arranged in five inter-ambulacral 
and as many ambulacral areas. (These ambulacral areas are 
termed by M*Coy * pseud-ambulacra,' upon the belief that they 
were not pierced for tube-feet, but that they carried a double 
row of little jointed tentacles or arms.) The ambulacral areas 
are petaloid in shape, having a deep farrow down the centre, 
and striated transversely. They converge to the mouth, which 
is superior and central in position, and is surrounded by five 
ovarian apertures. No arms are present. 

The Blastoidea are known more familiarly under the name 
of Pentremites, and they occur most commonly in the Car- 
boniferous Eocks. 



CHAPTER XXII. 
HOLOTHUROLDEA. 



Order Holothuroidea. — The members of this order are com- 
monly known by the name of * sea- cucumbers,' ' trepangs,' or 
* beches-de-mer,' and are the most highly organised of all the 
Echinodennata. The body is elongated and vermiform, and 
is not provided with a distinct test, but is enclosed in- a 
coriaceous skin, usually containing scattered calcareous gra- 
nules or spicules. The ambulacral tube-feet, when present, 
are usually disposed in five rows, which divide the body into 
an equal number of longitudinal segments or lobes. The 
mouth is surrounded by a circlet of feathery tentacles, and an 
anus is situated at the opposite extremity of the body. There 
is a long, convoluted intestine. A special respiratory, or 
water- vascular, system is usually developed, in the form of a 
system of arborescent tubes, which admit water from the ex- 
terior. The larva is vermiform, and has no skeleton (fig. 38). 
In the Holothurice proper, locomotion is efiected by means 
of rows of ambulacral tube-feet ; but in the SynajpUdoe there 
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are no ambulacra, and the animal moves by means of anchor-* 
shaped spicala, which are scattered in the integument. When 
developed, the ambulacral system consists of a 'circular canal ' 
surrounding the mouth, bearing one or more * Polian vesicles/ 
and giving off branches to the tentacula ; and of five ' radiating 
canals' which run down the interspaces between the great 
longitudinal muscles. These radiating canals give off the 
tube-feet and their secondary vesicles, just as in the Echvrms, 
There is also a * sand- canal,* which arises from the circular 
canal, and is terminated by a madreporiform tubercle ; but 
this, instead of opening on the exterior, hangs down freely in 
the perivisceral cavity* * 



Fig. S8,—Cueumaria communis* (After Forbes.) 

The mouth in Hohthuria is situated anteriorly, and is sur- 
rounded by a beautiful fringe of branched, retractile tentacles, 
which arise from a ring of calcareous plates. The mouth 
opens into a pharynx, which conducts to a stomach. The 
intestine is long and convoluted, and opens into a terminal 
dilatation, termed the * cloaca,' which serves both as an anus 
and as an aperture for the admission of sea-water to the 
respiratory tubes. From the * cloaca 'arise two branched and 
arborescent tubes, the terminations of which are C89cal. These 
run up towards the anterior extremity of the body, and together 
constitute the so-called 'respiratory tree.' They are highly 
contractile, and they perform the function of respiratory 
organs, sea- water being admitted to them from the cloaca. 
The nervous system consists of a cord, surrounding the gullet, 
and giving off five branches, which run alongside of the ra* 
diating ambulacral canals. The generative organs are in the 
form of long, ramified, cascal tubes, which open externally by 
a common aperture, situated near the mouth. There is, thus, 
no trace of that radial symmetry which is observed in the 
aiTangement of the reproductive organs in the other orders of 
the Echinodermata. 

The skin in the HolothurioB is highly contractile, and the 
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body is provided with powerftil longitudinal and circular 
muscles. 

In Synapta there is no ambulacral system, nor respiratory 
tree. Locomotion is effected by means of little, anchor*shaped, 
calcareous spicules, placed upon little papillss of the integu- 
ment. Respiration is effected in the abdominal cavity, into 
which the water is admitted by five openings between the 
tentacles. 

The order Holothuroidea may be divided into the following 
two families : — 

Family I. Hclothurida, 

Body free, cylindrical, with a coriaceous integument containing 
scattered calcareous particles. An ambulacral system always, and a 
respiratory tree usually, present. 
Family II. SynaptidcB. 

Body free, covered with a coriaceous, sometimes soft, integument, 
containing minute, anchor-shaped spicules, by means of which the 
animal moves. No ambulacral system. A respiratory tree sometimes 
present, sometimes absent. 



CHAPTER XXIII. 
DISTRIBUTION OF ECHINODERMATA IN SPACE AND TIME, 

Distribution of Echtnodermata in Space. — The Grinoidea are 
represented by very few forms in recent seas, and these have 
a very local distribution. The Comatula is the commonest, 
and occurs abundantly on some parts of our coasts. The 
Pentacrifms GcupuUMedAMCR is exclusively confined, as far as is 
known, to the Caribbean Sea. Rhizocrirms Lofotensis has been 
dredged on the coast of Norway, and a form believed to be 
the same has been found in the Gulf of Mexico. 

The Asteroidea, Ophvu/roidea^ and Echmoidea are represented 
in almost all seas, whether in tropical or temperate zones, 
some occurring very far north. The Holothuroidea have their 
metropolis in the Pacific Ocean, occurring abundantly on the 
coral reefs of the Polynesian Archipelago. One species is col- 
lected in large numbers, and is exported to China, where it is 
regarded as a great deHcacy. 

Distribution of Echinodermata in Time. — Numerous re- 
mains of Echinodermata occur in most sedimentary rocks, 
beginning with the base of the Lower Silurian Rocks, and ex- 
tending up to the recent period. The two orders Gystoidea 
and Bkbstoidea^ which are the most lowly organised of the 
entire class, are exclusively Palssozoic ; and the Grinoidea are 
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mostly referable to the same epocli. The more highly organised 
Asteroidea and Ophiurcddea commenced to be represented in the 
Silurian period ; but the Echinoidea, with a single exception, 
have no representative earlier than the Carboniferous Bocks. 
The following exhibits the geological distribution of the 
different orders of the JEchi/nodermata in somewhat greater 
detail : — 

1. CRmoiDEA.* — The Grinoidea attained their maximum in 
the PalsBozoic period, from which time they have gradually 
diminished down to the present day. As has already been 
described, the PalsBOzoic Grinoidea differ in some important 
particulars from those which succeeded them. The order is 
well represented in the Silurian, Devonian, and Carboniferous 
Rocks, bat especially in the latter ; many Carboniferous lime- 
stones (Crinoidal limestones and entrochal marbles) being 
almost entirely made up of the columns and separate joints of 
Crinoids. In the Secondary Bocks Crinoids are still abundant. 
In the Trias the beautiful * Stone-lily ' (Encriwiis liliiformis) 
is peculiar to its middle division (Muschelkalk). In the 
Jurassic period occur many species of Apiocrirms (Pear-encri- 
nite), Pentacrinvs and Bxtracrinus. The Chalk also abounds 
in Crinoids, amongst which is a remarkable unattached form 
(the Tortoise-encrinite or Marsupites). 

Of the non-pediculate Grinoidea, which are a decided advance 
upon the stalked forms, there are few traces ; but remains of 
Goniatula have been discovered in the lithographic slate of 
Solenhofen (Oolite) and in the Chalk. 

2. Blastoidea. — The Bla8toidea, or Pentremites, are entirely 
Palaeozoic, and attain their maximum in the Carboniferous 
Rocks, some beds of which in America are known as the 
Pentremite Limestone, from the abundance of these organisms. 
They are, however, also found in the Siltlrian and Devonian 
Rocks. 

3. Cystidea. — These, like the preceding, are entirely PalfiBO- 
zoic ; but they are, as far as is yet known, exclusively confined 
to the Upper Cambrian and Silurian Rocks, being especially 
characteristic of the horizon of the Bala Limestone. Forms 

* As regards the calyx of the fossil Crinoidea the following terms are 
employed to designate its different parts. The base of the cup, or calyx, is 
termed the ' pelvis,' and it is made up of five, four, or sometimes three, 
plates, which are termed the ' basals/ To the ' basals * succeed two or three 
rows of platesi which are termed respectively the ' primary radials,* * se- 
condary radials ' and * tertiary radials,' according to their distance from the 
basals. The axillary radials, which are the furthest removed, give origin 
to the arms, and are occasionally called the 'scapulae' (for thjs reason), 
whilst the primary and secondary radials are called the • costue.* 
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supposed to be Cystideans have been described from the Devo- 
nian Rocks, but their true nature is doubtful. 

4. Asteroid EA. — These have a very long range in time, ex- 
tending from the Lower Silurian period up to the present day. 
In the Silurian Rocks the genera PaloBaster, Stenaster, PalceO' 
discus and Petraster are among the more important, the greater 
number of forms being Upper Silurian. The next period in 
which star-fishes abound is the Oolitic (Mesozoic) ; the more 
important genera being Uraster, Luidia, Astropecten, PlumcbsUr 
and OonicLster, some of which have survived to the present 
day. Many star-fishes occur, also, in the Cretaceous Rocks, 
the genera Orenster, Goniodiscus and Astrogonium being among 
the more noticeable. In the Tertiary Ilocks few star-fishes 
are known to occur, but Goniaster and Astrojpecten are repre- 
sented in the London Clay (Eocene). 

5. OpfflUROiDEA. — The ' brittle-stars * are represented in the 
Silurian Rocks by the single genus Protaster. In the Oolitic, 
Cretaceous, and Tertiary Rocks several genera of Ophiuroidea 
are known ; some being extinct, whilst others (such as Ophio' 
derma, Ophiolepis, and Ophiocoma) still survive at the present 
day. 

6. EcHiNOiDEA. — This order is represented in the Palaeozoic 
Rocks by a single aberrant family ; but it is numerously repre- 
sented in the Mesozoic and Kainozoic periods. 

For the Paleeozoic Echinoidea the formation of a separate 
sub-order has been proposed by Professor M*Coy under the 
name of PerischoechinidcB ; since they differ in some funda- 
mental points from all the other known members of the 
order. They are composed of more than twenty rows of calca- 
reous plates, divided into five ambulacral and five inter-ambu- 
lacral areas. The five ambulacra are continuous from pole to 
pole, and are surmounted dorsally by the ocular plates. The 
five inter-ambulacra are composed, each, of three, five, or 
more rows of plates, and are surmounted dorsally by the ova- 
rian pla/tes. The two genera ArchoBOcidaris and Paloechinvs 
comprise all the known forms of the family, the former being 
entirely confined to the Carboniferous Limestone, whilst the 
latter occurs also in the Upper Silurians. 

The Secondary and Tertiary Echinoidea resemble those now 
living in being composed of not more than twenty rows of 
calcareous plates. The Oolitic and Cretaceous Rocks are 
especially rich in forms belonging to this order, many genera 
being peculiar ; but the number of forms is too great to permit 
of any selection. 

7. HoLOTHUROiDEA. — This order, comprising, as it does, soft- 
bodied animals, can hardly be said to be known as occurring 



annuloida: sooleoida. 141 

in the fossil condition. Some calcareons plates and spicules, 
supposed to belong to a Holothurid, have, however, been de- 
scribed as occurring in the Secondary Rocks, and the shield 
of Psoitis has been found in Post-tertiary deposits in Bute. 



CHAPTER XXIV. 
8C0LECZDA. 



Class II. Scolecida. — This class was proposed by Professor 
Huxley for the reception of the remaining members of the 
Annuloida^ comprising the Botifera, the Turhellaria, the Trema^ 
toda, the Tceniada, the Nemaimdea, the AcanthocephcUa, and the 
Gorddacea, Of these the Botifera stand alone, whilst the Tur* 
hdlaria, Trematoda, and Toeniada constitute the old division of 
the Platyelmia (Flat Worms), and the Nematoidea, Acantho- 
cephala, and Gordiacea make up the old Nematelmia (Round 
Worms or Thread- worms). For some purposes these old divi- 
sions are sufficiently convenient to be retained, though they 
are of little scientific value. The term Entozoa has acquired 
such a general currency, that it is necessarily employed occa- 
sionally, but it has been used in such widely different senses 
by different writers, that it would be almost better to discard 
it altogether. It certainly cannot be used as synonymous with 
Scolecida, many of these not being parasitic at all. It will, 
therefore, be employed here, in a restricted sense, to designate 
those orders of the Scolecida, which are internal parasites, 
comprising the Trematoda, Tamiada, Nematoidea (in part), 
Acanthocephala, and Gordia^cea, The Turhellana and Botifera, 
with a section of the Nematoidea, lead a free existence, and are 
not parasitic within other animals. 

The Scolecida are defined by the possession of a 'water- 
vascular system,' consisting of * a remarkable set of vessels 
which communicate with the exterior by one, or more aper« 
tures situated upon the surface of the body, and branch out, 
more or less extensively, into its substance.' — (Huxley.) No 
proper vascular apparatus is present, and the nervous system 
(when present) * consists of one, or two, closely approximated 
ganglia.' The habits and mode of life of the different mem- 
bers of the Scolecida are so different, that no other character, 
save the above, can be predicated which would be common to 
the entire class, and would not be shared by some other allied 
division. • » 

Division T. Platyelmta. — ^This section includes those Scale- 
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dda whicli possess a more or less flattened body, nsually some- 
what ovate in shape, and not exhibiting anything like distinct 
segmentation. The division includes two parasitic orders — 
the TcBniada and the Trematoda — and one non-parasitic order, 
viz. the Turbellaria. A sub-order, however, of this last, the 
NemeHidm, does not conform to the above definition; but 
their other characters are such a^ te forbid their separation. 

Order I. TMrnkTHiXCestoidea), — This order comprises the 
internal parasites, called Tape- worms (Cestoid worms), and 
the old order of the * Cystic worms ' (Cystica^ ; the latter 
being now known to be merely immature forms of the Tape- 
worms. 

In their mature condition, the Tceniada (see fig. 39) are 
always found inhabiting the alimentary canal of some warm- 
blooded vertebrate animal ; and they are distinguished by 
their great length, and by being composed of a number of 
flattened joints, or articulations. These joints are not, how- 
ever, an example of true segmentation, nor do they really 
constitute the Tape- worm ; the true animal being found in 
the small, rounded, anterior extremity, the so-called * head,' 
whilst the joints are simply hermaphrodite, generative seg- 
ments, which the * head' throws off by a process of gemmation. 
The *head' (fig, 39, 3), which constitutes the real Tape- 
worm, is a minute, rounded body, which is famished with a 
circlet of hooks, or suckers, or both, whereby the parasite is 
enabled to maintain its hold upon the mucous membrane of 
the intestines of its host. No digestive organs of any kind are 
present, not even a mouth ; and the nutrition of the animal is 
entirely effected by imbibition. The nervous system consists 
of two small ganglia, which send filaments backwards. The 
' water- vascular system ' consists of a series of long vessels 
which run down each side of the body, communicating with 
one another at each articulation by means of a transverse ves- 
sel, and opening in the last joint into a contractile vesicle. 
It, thus, appears that all the joints are organically connected 
together. Whilst the * head ' constitutes the real animal, it, 
nevertheless, contains no reproductive organs, and these are 
developed in the joints or segments (fig. 39, 4), which are 
produced from the head posteriorly by budding. After the 
first joint, each new segment is intercalated between the head 
and the segment, or segments, already formed ; so that the 
joints nearest the head are those latest formed, and those furthest 
from the head are the most mature. Each segment, when 
mature, contains both male and female organs of generation, 
and is, therefore, sexually perfect. To such a single segment 
the term * proglottis ' is applied, from its resemblajQce in shape 
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to the tip of the tongue. The ovary is a branched tube, which 
occupies the greater part of the proglottis, and opens, along 
with the efi'erent duct of the male organ, at a common papilla, 
which is perforated by an aperture, termed the * generative 
pore.' The position of this pore varies, being placed in the 
centre of one of the lateral margins of the proglottis in the 
common Tape- worm (Tcenia solmm), but being situated upon 
the flat surface of the segment in the rarer Bothriocephalvs 
latus. These two elements, namely the minute head, with its 
booklets and suckers, and the aggregate of the joints, or pro- 
glottides, together compose what is commonly called a ' Tape- 
worm,' such as is found in the alimentary canal of man, and of 
many animals. The length of this composite organism varies 
from a few inches to several yards. 

Singular as is the composition of the mature Tape- worm, 
still more extraordinary are the phenomena observed in its 
development, of which the following is a brief account : — 

* Proglottides,' or the sexually mature segments of a Tape- 
worm, are only produced within the alimentary canal of man, 
or of some other warm-blooded vertebrate. The development 
of the ova which are contained in the proglottides, cannot, 
however, be carried out in this situation ; hence the compara- 
tive harmlessness of this parasite, and hence the name of 
* solitary worm,' which is sometimes applied to it. For the 
production of an embryo, it is necessary that the ovum should 
be swallowed by some animal other than the one inhabited by 
the mature Tape-worm. If this does not take place the fecun- 
dated ovum is absolutely unable to develop itself. To secure 
this, however, the dispersion of the ova is provided for by the 
expulsion of the ripe proglottides from the bowel, all their 
contained ova having been previously fertilised. After their 
discharge from the body, the proglottides decompose, and the 
ova are liberated (Jig. 39, 1), when they are found to be 
covered by a capsule which protects them from all ordinary 
mechanical, and even chemical, agencies, which might prove 
injurious to them. In this stage, the embryo is often so far 
developed within the ovum that its head may be recognised by 
its possession of three pairs of sihceons booklets. For further 
development, it is now necessary that the ovum be swallowed 
by some warm-blooded vertebrate, and should thus gain access 
to its alimentary canal. When this takes place, the protec- 
tive capsule or covering of the microscopically minute ovum is 
ruptured, either mechanically during mastication, or chemi- 
cally by the action of the gastric juice ; and the embryo is 
thus liberated. The liberated embryo is now called a ' pro- 
scolex,' and consists of a minute vesicle, which is provided 
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with tliree pairs of siliceous spines, fitted for boring through 
the tissues of its host. Armed with these, the proscolex 
perforates the wall of the stomach, and may either penetrate 
some contiguous organ, or may gain access to some blood- 
vessel, and be conveyed by the blood to some part of the body, 
the liver being the one most likely. 

Having by one of these methods reached a suitable resting- 
place, the proscolex now proceeds to surround itself with a 
cyst, and to develop a vesicle, containing fltdd, from its 
posterior extremity, when it is called a *scolex' {fig. 39, 2). 
In some of the Toemada the scolices are called * hydatids,' and 
it is these, also, which constituted the old order of the * Cystic 
Worms.' When thus encysted within the tissues of an animal, 
the * scolex ' consists simply of a tsBnioid head, with a circlet 
of booklets and four * oscula ' or suckers, united by a con- 
tracted neck to a vesicular body. It contains no reproductive 
organs, or, indeed, organs of any kind, and can not attain any 
farther stage of development, iinless it be swallowed and be 
taken for the second time into the alimentary canal of a warm- 
blooded vertebrate. It may increase, and produce fresh 
scolices ; but this takes place simply by a process of gemma- 
tion. In some cases, however, a very partial and limited 
development does actually take place in the scolex prior to 
this change of abode, but this is an exceptional occurrence. 
In these cases the *neck' of the scolex becomes partially seg- 
mented, so that it comes to resemble an imperfectly developed 
Tcenia, and is called a * strobila-embryo.' The series of changes, 
however, whereby the scolex is converted into the * strobila,' 
or adult tape- worm, can not be carried out unless the scolex 
gain access to the alimentary canal of a warm-blooded verte- 
brate. In this case, the scolex attaches itself to the mucous 
membrane of the intestinal tube by means of its cephalic 
booklets (when these are present) and suckers. The caudal 
vesicle now drops off, and the scolex is thus converted into the 
' head ' of the te,pe-worm. Gemmation then commences from 
its posterior extremity, the first segments being immature. 
As the first-formed joints, however, are pushed ftirther from 
the head by the constant intercalation of fresh articulations, 
they become sexually mature, thus constituting the ' pro- 
glottides ' of the adult Tape-worm with which the cycle began. 
To the entire organism, with its * head,' and its mature and 
immature joints (* proglottides '), the term * strobila' is now 
applied. 

In the development, therefore, of the Tape- worm we have to 
remember the following stages : — 

1. The ovuniy set free from a generative joint, or proglottis. 
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2. The proscolex, or the minute embryo which is liberated 
from tbe ovum, when this latter has been Bwallowed by stny 
warm-blooded Tertebrate. 




3. The ecohx, or the more advanced, but still sexually im- 
perfect, embryo, into which the proecolex develops, when it 
has eDcysted itself within the tissues of its host. (Under this 
head come the so-c&Ued * Cystic Worma.') 

4. The atrohUa, or adult Tape-worm, into which the scofe* 
develops itself, when received into the alimentary canal of a, 
warm-blooded vertebrate. The strobila is constituted by the 
' head,' and by a number of immature and mature generative 
segments or joints, termed the 'proglottides.' 

The subject wiU, perhaps, be more clearly onderBtood by 
following the development of one of the common Tftpe-worma 
of man, viz. the Taenia soHwm. Commencing with an indivi- 
dual who is ali-eady suffering from the presence of this para- 
site, one of the most diatressiug symptoms of the case is found 
to be the escape of the joints of the animal &om the bowel. 
These joints are the ripe ' proglottides,' containing the fecun- 
dated ova. When the ova — which are microscopic in siae — 
are liberated by the decomposition of the proglottis, they may 
gain access t« water, or be blown about 1^ the wind. In 
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many ways, it is easy to nnderstand bow one of them may be 
swallowed by a pig. When this occurs a * proscolex' is libe- 
rated from the ovum, and bores its way through the walls of 
the stomach, to become a * scolex.' It now takes up its abode, 
generally in the muscles, in which position it was originally 
described as a cystic worm under the name of Gysticercus cellv^ 
loa(B, constituting what is commonly known as the ^ measles ' 
of the pig. In tibis state, the scolex will continue for an in- 
definite period ; but if a portion of ' measly' pork be eaten by 
a man, then the scolex will develop itself into a tape- worm. 
The scolex fixes itself to the mucous membrane of the intes- 
tine, throws off" its caudal vesicle, and commences to produce 
' proglottides ' instead, becoming, thus, the * strobila ' of the 
Tcenia solmm, with which we originally started. The other 
common tape-worm of man, viz. the Tcenia mediocanellataj is 
derived in an exactly similar manner from the ' measles ' of 
the ox. In like manner, the tape- worm of the cat (Tcenia 
crassicollis) is the mature form of the cystic worm of the mouse 
(Gysticercus fasdolaris) ; the tape- worm of the fox (Tcenia 
pisiforims) is derived from the cystic worms of hares and 
rabbits (Gysticerctis pisiformis) ; and the tape- worm of the dog 
(Tcerdd serrata) is the developed form of the Coemirus cerehralis 
of the sheep, the cystic worm which causes the ' staggers ' in 
the latter animal. 

Besides tape- worms, however, man is liable to be affected 
with ' scolices,' which are the larvae of the taper worms of other 
animals. Thus, what are professionally called * hydatids ' in 
the human subject, are really the scolices of the tape- worm of 
the dog. The disease is indicated by the presence of the so- 
called ' hydatid-tumour,' which consists of a strong membra- 
nous cyst — the * hydatid ' proper — situated in some solid organ, 
most commonly the liver, and filled with a watery fluid. To 
the interior of the cyst are attached numerous minute scolices, 
many others also floating freely in the contained fluid. These 
*^ Echinococci,' as they are called, do not differ in structure 
from other scolices, consisting of a head, provided with four 
suckers and a circlet of recurved booklets, a vesicular body, 
and an intermediate contracted portion or neck. The Echi- 
nococci multiply within the hydatid cyst by gemmation, but 
they develop no reproductive organs. If, however, an Echi- 
nococcus should gain access to the alimentary canal of a dog, 
it then becomes the tape- worm peculiar to that animal — ^the 
Tcenia echiTwcoecus, 
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CHAPTER XXV. 

TREMATODA AND TURBELLABIA. 

OBDEft Trbmatoda. — This order inclndes a group of animals, 
which, Hke the preceding, are parasitic, and are commonlj 
known as * suctorial worms,' or * Flukes.' They inhabit vari- 
ous situations in different animals — ^mostly in birds and fishes — 
and they are usually flattened or roundish in shape. The body is 
provided with one or more suctorial pores for adhesion. An 
intestinal canal is always present, but this is simply hollowed 
out of the substance of the body, and does not lie in a free 
space, or 'perivisceral cavity.' The intestinal canal is often much 
branched, and possesses but a single external opening, which 
serves alUce as an oral and an anal aperture, and is usually 
placed at the bottom of an anterior suctorial disc. The sexes 
are united in the same individual. A * water- vascular system ' 
is always present, and is sometimes * divided into two por- 
tions, one with contractile and non-ciliated walls, the other 
with non-contractile and ciliated walls.' — (Huxley.) 

The Trematode Worms are all hermaphrodite, and they pass 
through a series of changes in their development somewhat 
analogous to those observed in the Toemada, This subject, 
however, is still involved in great obscurity, and it is too com- 
plicated to admit of description in this place. The larvas are 
often tailed, but never possess cephaUc booklets and are never 
* cystic' 

From the absence of a perivisceral cavity, the Trematoda 
were placed by Cuvier into a separate division of Entozoa, un- 
der the name of Vers Inteatmaux joarenchymateux, along with 
the Tceniada and Acanthocephalaf in which no alimentary 
canal is present. By Owen, for the same reason, they are in* 
eluded in a distinct class, under the name of Sterelmmtha, 

The Distoma h&paticum (fig. 40) may be taken as the type 
of the Trematoda, It is the common * Liver-fluke ' of the 
sheep, and inhabits the gall-bladder or biliary ducts, giving 
rise to the disease known as the * rot.' In form it is ovate, and 
flattened on its two sides, and it presents two suctorial discs, the 
anterior of which is perforated by the aperture of the mouth, 
whilst the posterior is impervious. Between the suckers is 
the * genital pore,' at which the efferent ducts of the repro- 
ductive organs open on the exterior. A branched water- 
vascular system is present, and opens posteriorly by a small 

fiperture. The alimentary canal bifurcates shortly behind the 

b2 
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moufh, the two divisioiiB thus prodnced ^vlng off nnmeron 
lateral divertionla, and terminating posteriorly in bMnd extre 
mities. The nervoug syBtem conaiBtB of a ring ronnd thi 
gullet, giving off filaments both forwards and backwards. 




Fig. 10.— Tremntodi 



In Dietojtia la/nceolatv/m, (fig. 40, 2) the intestine has not tin 
nunose, complex character of that of D. kepaHomn. On thi 
other hand, the alimentBir canal, after its bifnrcation, is con 
tinned on each aide of the body to the posterior extremib 
without giving off any branches on the way, and it terminate 
simply in blind extremitLea. 

IKploiiamum, in its essential characters, does not diffe 
mnch from Distoma : but it is found living gregarionajy in thi 
vitreons hnmonr and lens of the eyes of certain fresh-wate 
fishes, such as the common Perch. 

Other members of the order infest the intestines of birds an< 
Batrachians, the gills of fishes, or the paunch of Knminante. 

Okdek TuBBELLAKiA.~The members of this order arealmos 
all aquatic, and are all non-parasitic ; thus differing entirely 
A-om the animals which compose the two preceding ordeii^ 
Their external surface is always and pemwneutly ciliated 
and they never possess either suctorial discs, or a circlet o 
cephahc booklets. A ' water-vascular system ' is alway. 
present, opening externally by one or many apertures, or ap 
pearing to be entirely closed in the adnlt (^Nem^tida). A 
in the Tremaioda, the alimentary canal is imbedded in tbi 
parenchyma of the body, and there is no ' perivisceral cavity. 
Tbe intestine is either straight or branched, and a distinc 
anal aperture may, or may not, be present. 

The TarbeUaria are divided into two sections, termed re 
spectively the Planarida and the NemerUda. 

SuB-OBDBK I. Flanakida. — The Planarians {fig. 41) ar 
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xftoatly ovoid or elliptical in shape, flattened, and Bofl-bodied. 
They are 'for the most part aquatic in their habits, occurring 
in fresh water, or on the aea-ahore, bat occasionally foond in 
moiat earth. The integnment is abundantly provided with 




Fig. 11.— Horpbotogy of TnibelhirlL 1. ntxarla lorva (HHUar). 

ff. NerT».^iigUon ; t. Eyes ; ov. Onij ; I. Tenia ; fa, Qenlbu iqienj 
3. Planaria tadea, Bhowinj? the brancbfld (Dendrmoel) Intatiiifl. 
HIcroKopiii larvA of Alatirma, a maiine TsrbeUarlaa. 4. FUblimm, 
, J — .. — . .. _ jjanartlfl. a. Tha AUmeDiarj' <siud ; 6. Bndbi 



vibratile cilia, which Bnbserve locomotioa, and it alao contains 
numerouB cells which have been compared to the 'cnidse,' or 
nettle-cells, of the Qcelenterata. There is always a considerable 
portion of the body situated in front of the month, constituting 
tbe so-called ' pne-oral region,' or ' prostominm ;' and this is 
ofben modified into a singnlar protmsible and retractile organ, 
called the ' proboscis,' the exact use of which is not known. 
The month opens into a mnscular pharynx, which is often 
evertjble ; and the intestine may be either straight or branched, 
hnt always terminates cescally behind, and is never provided 
with an anal apertnre. The * water-vascnlar system ' commu- 
nicates with the exterior by two or more contractile apertures. 
The nervons system consists of two ganglia, situated in front 
of the month, united by a commissure, and giving off filaments 
in various directions. Pigment-spots, or rudimentary eyes, 
from two to sixteen in number, are often present, and are 
always placed in the prje-oral region of the body. The male 
and female orgajis are united in the same individual, and the 
process of r^rodnctdon may be either sesnal, by r 
tme ova, or non-sexnal, by internal gemmation o ' 

The Planarions have been divided into two sections, as 
follows ; — 

Section A. Bhabdoc<xu. — Intestine strught, not branidied. 
Body elongated, rounded, or oral. 
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Section B. Dendroc(Ela. — Intestine branched or arborescent. 
Body flat and broad. 

SuB-OEDEE II. Nemebtida. — The Nemeriidce, or * Ribbon- 
worms/ agree in most essential respects with the Plcmarida. 
They are distinguished, however, by their elongated, vermi- 
form shape, by the presence of a distinct anns, by the absence 
of an external aperture to the water-vascular system of the 
adult, and by the fact that the sexes are distinct. 

Reproduction takes place by the formation of true ova, by 
internal gemmation, or by transverse fission. In NemerteSy 
however, the egg gives rise to a larva, from which the adult 
is developed in a manner closely analogous to that described 
as characteristic of the Echmodermata. The larval form of 
Nemertes was described by Johannes Miiller, under the name 
of Pilidium (fig, 41, 4). It is * a small helmet-shaped larva, 
with ^ long flagellum attached like a plume to the summit of 
the helmet, the edges and side-lobes of which are richly cili- 
ated. A simple alimentary canal opens upon the under surface 
of the body between the lobes. In this condition the larva 
swims about freely ; but, after a while, a mass of formative 
matter appears on one side of the aKmentary can^ and, 
elongating gradually, takes on a worm-like figure. Eventu- 
ally it grows round the alimentary canal, and, appropriating 
it, detaches itself from the Pilidimn as a Nemertid — ^provided 
with the characteristic proboscis, and the other organs of that 
group of Twrhellaria,^ — (Huxley.) 



CHAPTER XXVI. 

NEMATELMLL 
1. ACANTHOCEPHALA. 2. GORDIACEA. 8. NeMATODA. 

Division II. Nematelmia. — ^This section may be considered as 
comprising those Scolecids in which the body has an elongated 
and cylindrical shape. Strictly speaking, it should include 
the NemerHdcB, but the division is not founded upon anatomi- 
cal characters, and is employed here simply for convenience. 
Most of the NemateJ/mia possess an annulated integument ; but 
there is no true segmentation, nor are there any locomotive 
appendages attached to the body. The majority are unisexual, 
and parasitic during the whole or a part of their existence. 
-Three orders are comprised in this division, viz. the AcanthO' 
cephala, the Oordiacea, and the Nematoda. 
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Obdek I. AcANTHOCEPHALA. — The Acanthoc^hdla are en^ 
tirely parasitic, vermiform in shape, and devoid of any month 
or alimentary canal. They are provided with a kind of snont 
or proboscis armed with recurved hooks, which is continned 
backwards into a bandlike stmctare (ligarnentimi suspensorium)^ 
to which the reproductive organs are attached. ' Immediately 
beneath the integument lies a series of reticulated canals con- 
taining a clear fluid, and it is difi&cult to see with what these 
can correspond if not with some modification of the water- 
vascular system/ — (Huxley.) At the base of the proboscis is 
placed a single nervous ganglion, which gives off radiating 
filaments in all directions. 

Besides the presence of a water- vascular system and the 
absence of any alimentary canal, another point of afi&nity be- 
tween the Acanthocephala and the Tceniada 
has recently been established by the dis^ 
covery that the adult worm is developed 
within a hooked embryo, from which it 
is secondarily produced. 

The ' Thorn-headed worms * include- 
some of the most formidable parasites 
with which we are acquainted. The Echu 
norhynohvs (Jig. 42) is found in the intes* 
tinal canal of many vertebrate animals, 
especially of birds and fishes. 

Order II. Gordiacea. — The Gordiacea^ 
or ' Hair-worms,' are thread-like parasites 
which in the earlier stages of their exis- 
tence inhabit the bodies of various in- 
sects, chiefly of beetles and grasshoppers. 
They possess a mouth and alimentary 
canal, but they are not provided with a 
distinct anal aperture. The sexes are dis- 
tinct, and they leave the bodies of the 
insects which they infest, in order to breed; subsequently 
depositing their ova in long chains, either in water or in some 
moist situation. 

In form the Oordiacea are singularly like hairs, and they 
often attain a length many times greater than that of the 
insect which harbours them. 

Order III. Nematoda (or Kematoidea). — The Nematoda — 
* Thread- worms ' or * Bound- worms ' — are of an elongated and 
cylindrical shape ; and are often, though by no means always, 
parasitic in the interior of other animals. They possess a 
distinct mouth and an alimentary, canal which is freely sus- 
pended in an abdominal cavity, and terminates posteriorly in 




Fig. 43. — Acanthooe- 
phala. a,Eehinorhip%' 
chiu gigast nat. sizek 
of. The head of the 
game magnified. 



252 UASTJAL OF ZOOLOGT. 

a distinct aniw. Thej also poflsess a Bystem of canals, in some 
cases contractile, which open externally near the anterior part 
of the body, and are probably homologous with the water- 
vascular system of the Itef^Mwia and 2Vewiato<Za.--(Huxley.) The 
sexes are distinct, and the males are usuaDy less frequently 
met with, and of smaller size than the females. The nervous 
system is mostly well developed, and is in the form of a gan- 
irlionic ring, surrounding the oesophagus, and sending filaments 

baokwarcls. 

As before said, most of the Nematoda are internal parasites, 
inhabiting the alimentary canal, the pulmonary tubes, or the 
areolar tissue, in man and in many other vertebrate animals ; 
but a large section of the order are of a permanently free habit 

of existence. 

The most famihar examples of the parasitic Nematoda are 
the Asearis IwmibricoideSy the little Oxywris^ the Trichina^ and 
the (Juinea-worm. 

The Asearis IvmbricoideSy or common Bound- worm, inhabits 
the intestine of man, often attaining a length of several inches. 
The ova are probably expelled with the fasces, and the embryo 
is developed within the ovum prior to ite rupture. When 
ftdly formed, the embryo is about one hundredth of an inch 
in length, and ite development is not exactly known, though 
it appears te be directly transferred from river- or pond- water 
to the alimentary canal of some vertebrate animal. 

The Oxyuris vermi4yularis, or ' Small Thread- worm,* is a gre- 
garious worm which inhabits the rectum, especially of children. 
It is the smallest of the intestinal worms of man, its average 
length not being more than a quarter of an inch, but the fe- 
males are much bigger than the males. 

The Trichina spiralis is a singular Nemateid, which gives rise 
to a painful and very generally fatal train of symptoms, some- 
what resembling rheumatic fever, and known as Trichiniasis. 
The Trichina is known in two different conditions, sexually 
immature or mature. In ite sexually immature condition it 
inhabits the muscles, usually of the pig, in vast numbers, each 
worm being coiled up in a little capsule or cyst. In this con- 
dition the worm is incapable of ftirther development, and may 
remain, apparently for an indefinite period, without change, 
and without seeming to produce any injurious results to the 
animal affected. If, however, a portion of trichinatous muscle 
be eaten by a warm-blooded vertebrate, and so introduced into 
the alimentary canal, an immediate development of young 
TrichvTKB is the result. The immature worms escape from 
their enveloping cyste, grow larger, develop sexual organs, 
and give birth to a numerous progeny, which they produce 
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viviparously. The yoang TricJdncB thus product perforate 
the walls of the ahmentaiy canal, and, after working their way 
amongst the muscles, hecome encysted. If the animal in which 
these changes go on has sufficient vitality to bear up under 
the severe symptoms which are produced by the migration of 
the TrichincBf he is now safe ; since they can not become sex- 
ually mature, or develop themselves further, until again trans- 
ferred to the aHmentary canal of some other animal. 
< The Guinea- worm {pracmiculus or Fila/ria medm&rms) is a 
Nematode worm, which inhabits, during one stage of its ex- 
istence, the cellular tissue of the human body, generally attack- 
ing the legs, and ofben attaining a length of several feet. All 
known specimens of this parasite are impregnated females, 
containing a large number of young. The worm remains im- 
bedded in the body, in a more or less quiescent condition, for 
a year or more, at the end of which time it seeks the surface, 
in order to get rid of its young. No external aperture to the 
genital organs has hitherto been proved to exist, and it seems 
possible that the young are produced within the body of the 
parent by a process of internal gemmation. The young Mlaria 
consists of a vermiform body, terminating in a hair-Hke tail, 
and when set free from the parent, its further development 
probably takes place in water, when it is believed to be con- 
verted into one of the * Tank- worms,' so common in India. In 
this condition it is possible, as some believe, that sexual organs 
are developed, and that the females are impregnated. The 
•worm is believed to gain access to the body of bathers, when 
still extremely minute. According to Dr. Bastian, however, it 
Appears probable that the Guinea- worm *is a parasite only 
accidentally, and that it and its parents were originally free 
Nematoids.* 

The second section of the Nematoda comprises worms, which 
are not at any time parasitic, but which are permanently free. 
These ' free Nematoids * constitute the family of the AnguilVun 
lidoB, of which about two hundred species have been already 
described, mostly inhabiting fresh water or the shores of the 
sea. They resemble the parasitic Nematoids in all the essential 
features of their anatomy, but they differ in often possessing 
pigment-spots, or rudimentary eyes, in being mostly provided 
with a terminal sucker, and in bringing forth comparatively 
few ova at a time ; the dangers to which the yoxmg are exposed 
being much less than in the parasitic forms. Amongst the 
more familiar Nematoids are the Vinegar Eel (Anguillula aceti) 
and the Tylenchus (or Vibrio) tritid, which produces a sort of 
excrescence or gall upon the ear of wheat, causing the disease 
known to farmers as the ' Purples,' or ' Ear Cockle.' 
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The parasitic and free Nematoids are connected together by 
an ABcaris [A, mgrovenosa), which in succeeding generations is 
alternately free and parasitic. This Ascaris has long been 
known as inhabiting the lungs of the frt)g, but it has been 
shown that ' the young of this animal become real, free Noma* 
toids ; for, afber passing from the intestine of the frog into damp 
earth or mud, they grow rapidly, and actually develop in the 
course of a few days, whilst still in this external medium, into 
sexually mature animals. Young, differing somewhat in exter- 
nal characters from their parents, are soon produced by them, 
and these attain merely a certain stage of development whilst 
in the moist earth, arriving at sexual maturity only after they 
have become parasites, and are ensconced in the lung of the 
frog.' — (Bastian.) This extraordinary history is rendered still 
more remarkable, if it should be proved that the young of the 
parasitic forms of this Ascaris are produced by a process of 
parthenogenesis ; and this seems to be highly probable, since 
none of the individuals which are found as parasites are males^ 
but are universally females. 



CHAPTER XXVII. 
ROTIFEBA. 



Sub-class Rotifura (Botatond). — The Botifera^ or 'Wheel- 
animalcules,' constitute a very natural group, the exact position 
of which has been a good deal disputed, and is still doubtfril. 
They are looked upon here as a distinct division of the Scolecida^ 
following Huxley ; but they are very frequently placed with the 
ATmeiida amongst the lower division of the Annulosa (AnaV' 
thfcmoda). 

The Botifera are Annuhida of a mvnute size, never parasitic^ 
mhahiUng water, and usually provided with a/n anterior ciliated, 
di^c, capable of inversion a/nd eversion. In the females there is a 
distinct mouth, intestinal ca/nal, a/nd anus. A nervous system is 
also present, consisting of ganglia, situated near the anterior ex» 
tremity of the hod/y, and send/ing fila/ments hackwa/rds, A water" 
vascular system, is also present. 

Most of the Botifera are entirely invisible to the naked eye, 
and they are aU extremely minute. Nevertheless, as remarked 
by Mr. Gosse, * so elegant are their outHnes, so brillantly trans- 
lucent their texture, so complex and yet so patent their orga* 
nisation, so curious their locomotive wheels, so unique their 
apparatus for mastication, so graceful, so vigorous, so fleet^ 
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tuid so marked -mth apparent intelligence their movementB, so 
TarioQS their forms and types of Btmotnre,' that they form one 
of the most intereatiiig departments of zoological and micro-: 
aoopical study. They ore all 
aqnatic in their habits, and 
in the great majority of cases 
are free-Bwimming animala, 
some, however, bein^ per- 
manently fixed, as is the 
case with Stepha/nocerox 
(Jig. 43) and Floioulivria. 
They are osiially simple, bat 
are occasionally composite, 
forming colonies, as in Jlfe^o- 
lotrocha. As a rule, the n^e 
and female Botifera differ 
greatly from one another, 
the males being smaller 
than the females, destitnte 
of any masticatory or diges- 
tive apparatus, and more or 
less closely resembling the 
young form of the species. 
The most characteristic or- 
gan in the great majority of 
the Botifera is the so-called 
'wheel-organ,' or 'trochal 
disc,' which is always situ- 
ated at the cephalic or dis- 
tal end of the body, and 
consists of a circlet of cilia, 
which, when in action, vi- 
brate so rapidly as to pro- 
dnce the UluBory impression 
that the entire disc is rota- 
ting. The disc, which car- 
ries the cilia, is capable of 
©version and inversion, and 
may be circular, reni&rm, 
bilobed, four-Iobed, or di- 
vided into several lobes. It 
serveB the purpose of loco- 
motion in the free- swim- 
ming forms, and in all it 
serves to produce cnrrents in the water, which conv^ the food 
to the mouth. 
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In Ckcetonoitis, and one or two other forms, there is no true 
wheel-organ, capable of protmsion and retraction, but the cilia 
are variously disposed over the surface of the body. 

The proximal extremity of the body in the free forms termi- 
nates in a caudal process, or 'foot,' sometimes telescopic, which 
ends in a suctorial disc, or in a pair of diverging * toes,' which 
act as a pair of forceps. 

The mouth usually opens into a pharynx, or * buccal funnel,' 
which is generally provided with a muscular coat, constituting 
the * mastax,' or * pharyngeal bulb,' and which generally con- 
tains a very complicated masticatory apparatus.* The parts 
of this apparatus are homy, and are believed by Mr. Gosse to 
be homologous with the parts of the mouth in Insects. In the 
females of almost all known species of Rotifera the intestinal 
canal is a more or less simple tube, extending through a well 
developed perivisceral cavity, and terminating posteriorly in 
a dilation, or * cloaca,' which forms the common outlet for the 
digestive, generative, and water- vascular systems. 

In both sexes there is a well developed water-vascular 
system, usually consisting of the following parts: — ^In the 
lunder part of the body, close to the cloaca, and opening into 
it, is a sac or vesicle, which is termed the * contractile bladder,' 
and exhibits rhythmical contractions and dilatations. From 
the contractile bladder proceed two tubes — the * respiratory 
tubes ' — which pass forwards along the sides of the body, and 
terminate anteriorly in a manner not quite ascertained. At- 
tached to the sides of the respiratory tubes, in all the larger 
Rotifera^ is a series of ovate or pyriform vesicles, each of which 
is famished internally with a single central cilium, which is 
fixed to the free end of the vesicle. The exact function of this 
water- vascular system is not known, but it is most probably 
respiratory and excretory. Dr. Leydig believes that water 
enters the perivisceral cavity by endosmose, where it mingles 
with the absorbed products of digestion, to form the so-called 
' chylaqueous fluid ; ' and that the effete fluid is excreted by 
the respiratory tubes, and ultimately discharged into the 
cloaca by the contractile bladder. Taking this view of the 
subject, Mr. Gosse believes that * the respiratory tubes repre- 
sent the kidneys, and that the bladder is a true urinary 
bladder ; ' and consequently that * the respiratory and urinary 
functions are in the closest relation with one another.' This 
observer, further, finds a decided analogy between the above 

* The lower jaws, or * incus/ consist of a fixed portion, the ' fulcrum,' to 
which are attached two movable blades — the *rami.' The upper jaws, or 
* mallei,' consist each of a handle, or * manubrium/ to which is hinged a 
toothed blade, or * uncus.' 
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system in tlie Botifera, and the long and tortnons renal tnbes 
of the Insecta, to which class he believes the Botifera to be 
most nearly allied. 

The nervous system of the Botifera constitutes a cerebral 
mass, ' which for its proportionate volume may compare with 
the brain of the highest vertebrates.' It is placed anteriorly, 
and usually on the dorsal aspect of the body, and the eye — r 
in the shape of a red pigment-spot — ^is invariably situated 
like a wart upon it. Other sense-organs, probably tactile, are 
often present, in the form of two knobs surmounted by tofts 
of bristles, placed at the back of the bead. 

The muscular system of the Botifera is well developed, con- 
sisting of bands which produce the various movements of the 
body and foot, whilst others act upon the various viscera^ and 
others effect the movements of the jaws. 

The typical group of the Botifera is that of the Notommatina 
(Hijdatinea of Ehrenberg). In this group the animals are all 
permanently free, and are never combined into colonies, while 
the integument is flexible, and the body is never encased in a 
tube. 

8tephanocero8 and Flosculariay on the other hand, are fixed, 
and are enclosed in a gelatinous tube which is secreted by the 
animal. Melicerta inhabits a tubular case, which the animal 
forms for itself by means of a special organ for the purpose ; 
whilst Polyarthra and Tnarthra are protected by a stiff shell, 
or 'lorica.' 

In Tnarthra, there are twelve ensiform fins, jointed to the 
body by distinct shelly tubercles, and moved by powerful 
muscles. These natatory organs are considered by Mr. 
Gosse to be homologous with the articulated Hmbs of the 
Arthropoda. 

In Asplanchna, whilst the masticatory organs, gullet, and 
stomach are well developed, there is no intestine, the stomach 
* hanging like a globe in the centre of the body-cavity.* 

Affinities of Rotifera. — In their external appearance, the 
Botifera approximate closely to the Infusoria, but the organisa- 
tion of the former presents a very striking advance when com- 
pared with that of the latter. Thus, in the Infusoria there is 
no differentiated body-cavity, bounded by distinct walls, and 
the alimentary canal is imperfect, the digestive sac simply 
opening inferiorly into the diffluent sarcode of the centre of 
the body. Further, there are no traces of a nervous system, 
and the contractile vesicles, if looked upon as representing the 
water- vascular system, are a very rudimentary form of this 
apparatus. In the Botifei*a, on the other hand, the alimentary 
canal forms a complete tube, having an oral and an anal aper- 



158 HANUAIi OF ZOOLOGY* 

tnre, and not commnnicating witli the snrronnding perivis- 
ceral cavity ; and there is a well developed nervous system, 
and a highly complex water- vascular system. A real affinity 
is found to subsist, however, between the Rotifera and the 
Pkmcmda; both possessing external ciha, a nervous system, 
and a well developed water- vascular apparatus, the characters 
of which are not dissimilar in the two groups. In the Pla^na- 
rida, however, the sexes are united in the same individual, 
and there is no anal aperture; whereas in the Botifera^ the 
sexes are distinct, and there is a distinct anus. To the tme 
Arthropoda, as already pointed out, the Botifera show some 
points of affinity, but these are hardly sufficiently numerous or 
decided to warrant the removal of the group from the Annu- 
loida to the Annulosa, 
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CHAPTER XXVJLLl. 

annulosa. 

1. General Charactees op Annulosa. 2. Gekebal Crabac- 
TERs OF Akarthropoda. 3. Class Gephyrka, 4. General 
Characters of the Class Annelida. 

Sub-kingdom Annulosa. — The members of this sob^Inngdom 
are distingaished by the possession of a body which is composed 
of numerous segments^ or * somites^ arranged along a longHmdiTial 
uxis, A nervous system is always presenty a/nd consists of a 
double chain of ganglia, running along the ventral surface of the 
body, and traversed anteriorly by the oesophagus. The limits 
(when present) are turned towards the neural aspect of the body. 

The sub-kingdom Annulosa may be divided into two primary 
divisions, according as the body is provided with articulated 
appendages, or not ; these divisions being termed respectively 
the Arthropoda and the Anarthropoda. The first of these 
comprises Crustaceans, Spiders, Scorpions, Centipedes, and 
Insects ; whilst the latter includes the Spoon- worms, Leeches, 
Earth-worms, Tube-worms, and Sand-worms. 

Division I. Anarthopoda. — In this division of the Annulosa, 
the locomotive appendages are never distinctly jointed (yr articu- 
lated to the body. In this division are included three classes, 
viz.: — ^the Gephyrea, the Arinelida, and the Ghcetognatha, 

Class I. Gephyrea ( = 8vpunculoidea). — This class includes 
certain worm-like animals in which the body is sometimes 
obviously annulated, sometimes not ; but there are no ambu- 
lacral tubes nor foot-tubercles. The nervous system consists of 
a gangliated cord placed along the ventral surface of the body. 

The Sipunculus, and its allies, make up this class, and from 
their afl&nity to the worm-like Holuthurians they have often 
been placed amongst the Echvnodermata. They are not, how- 
ever, provided with an ambulacral system, the integument is 
not capable of secreting calcareous matter, and there are no 
traces of any radiate arrangement of the nervous system. 

The Sipunculus is a worm which is found burrowing in the 
sand of the coasts of most of our European seas, or which 
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inliabits the cast-away shells of dead univalve Molluscs. The 
different species differ much in length, varying from half an 
inch to a foot or more. The body is cylindrical, covered by a 
delicate cuticle, beneatH which is a thick, muscular, and highly 
contractile coat. The anterior portion of the body forms a 
retractile trunk or proboscis, at the extremity of which is the 
mouth surrounded by a. circlet of simple tentacles. The ali- 
mentary canal is proportionately of great length, and is much 
convoluted. Upon reaching the posterior extremity of the 
body it is reflected forwards, and it terminates in a distinct 
anus which is placed anteriorly near the junction of the body 
with the proboscis. 

In Echiurus, which is found on the coasts of the North Sea, 
the body is provided posteriorly with zones of horny bristles ; 
and in the Stemaspis of the Adriatic similar zones of bristles 
are found anteriorly as weU as posteriorly. 

The British species of the class are grouped by Professor 
E. Forbes as follows : — 

Fam, I. Sipwnculacea, having a retractile proboscis, at the* 
base of which the anus is placed, and roxmd the extremity of 
which is seen a circlet of tentacles. 

Fam, II. Priapulacea, having a retractile proboscis but no 
tentacula, and having the anus placed at the extremity of a 
long, filiform, caudal appendage. 

F<mi, in. Thalassemaceay having a proboscis to which a 
long fleshy appendage is attached. There are no oral tenta- 
cula, and the anus is placed at the posterior extremity of the 
body. 

Class II. Annelida ( = Annulata). — The AnTielida are 
distingaished from the preceding by the possession of distinct 
external segmentation; the nervous system is composed of 
a ventral, double, gangliated cord. 

This class comprises elongated, worm-like animals, in which 
the integument is aVays soft, and the body is more or less 
distinctly segmented, each segment usually corresponding 
with a single pair of ganglia in the ventral cord. Each seg- 
ment may also be provided with a pair of lateral appendages, 
but these are never articulated to the body, and are never so 
modified in the region of the head, as to be converted into 
masticatory organs. 

In the higher Annelida each segment consists of two arches, 
termed, from their position, respectively the * dorsal arc,' and 
the ' ventral arc ; ' and each bears two lateral processes, or 
* foot-tubercles' (parapodia), one on each side. Each 'foot- 
tubercle' is double, being composed of an upper process, called 
the * notopodium,' or * dorsal oar,' and a lower process, termed 
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the * nenropodium,' or 'ventral oar/ The foot- tubercles, 
likewise, support bristles, or * setee,' and a soft, cylindrical 
appendage, which is* termed the 'cirrhus' {fig, 44). 




Fig. 44. — Diagrammatic transverse section of an Annelide. d. Dorsal arc ; v. 
Ventral arc ; n. Branchise ; a. Notopodium or dorsal oar ; b. Itenropodiam 
or yentral oar, both carrying setae and a jointed cirrhus. 

. The number of the segments varies much, being as many as 
400 in Eunice gigantea ; and, generally, there is not a distinct 
head which is separable from the succeeding rings of the body. 
When such a distinct head appears to be present, it is not 
comparable with the head of the Arthropoda, but is really a 
greatly modified preBoral region, or * prostomium,' as is shown 
by the position of the mouth. 

The digestive system of the Annelid es consists of a mouth, 
sometimes armed with homy jaws, a gullet, stomach, intestine, 
and a distinct anus. 

As regards the vascular system, * no Annelide ever possesses 
a heart comparable to the heart of a Crustacean or Insect ; 
but a system of vessels, with more or less extensively contrac- 
tile walls, containing a clear fluid, usually red or green in 
colour, and, in some cases only, corpusculated, is very 
generally developed, and sends prolongations into the respi- 
ratory organs, when such exist.' — (Huxley.) This system 
has been termed the * pseudo-hsemal system,' and its vessels are 
considered by Professor Huxley as being * extreme modifica- 
tions of organs homologous with the water- vessels of the 
Scolecida ; ' since the perivisceral cavity, with its contained 
corpusculated fluid (chylaqueous fluid), is believed by M. de 
Quatrefages to be the true homologue of the vascular system 
of Crustacea and Insects. 

Respiration is effected by the general surface of the body, 
by saccular involutions of the integument, or by distinct 
external gills, or branchiee. 

The nervous system consists of a double, ventral, gangHated 
cord, which is traversed anteriorly by the oesophagus ; the 
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* praB-CBSophageal,' or * cerebral,' ganglia being connected by 
lateral cords or commissures with the * post-cesophageal * 
ganglia. Pigment-spots, or * ocelli,' are present in many ; 
and the head often supports two, or more, feelers, which 
differ from the ' antennsB' of Insects and Crustacea, in not being 
jointed. 

The sexes in the Annelida are sometimes distinct, and some- 
times united in the same individual. The embryos are almost 
universally ciliated, and even in the adult cilia are almost 
always, if not always, present, in both of which respects this 
class differs from the Arthropoda, 

The Awaelid^i may be divided into two sections, characterised 
by the presence or absence of external respiratory organs or 
branchieB. The Abranchiate section comprises the Leeches 
and the Earth-worms ; whilst the Branchiate division includes 
the Tube- worms (Tuhicola) and the Sand- worms (JErrantid), 



CHAPTER XXIX. 

ORDERS OF AmUELLDA. 




Order I. Hirudinba (Biscophora, or Stictoria), — This order 
includes the Leeches, and is characterised by the possession of 
a locomotive and adhesive sucker, posteriorly, or at both 
extremities, and by the absence of bristles and foot-tubercles. 

The sexes are united in the same 
individual, and the young do 
not pass through any metainor- 

Pte. 46.— Medicinal Leech (Sangui- " mi. ' t i . • 

tugaofficinaiu). The Leeches are aquatic, ver- 

miform animals, mostly inha- 
biting fresh water, though a few species are marine. Loco- 
motion is effected either by swimming by means of a serpentina 
bending of the body, or by means of one or two suctorisd discs. 
In those forms in which there is only a single sucker (pos- 
terior), the head or anterior extremity of the body can be 
converted into a suctorial disc. The body is ringed, as 
many as one hundred annulations being present in the common. 
Leech ; but it is not divided into distinct somites, and there are 
no lateral appendages of any kind. The mouth is sometimes 
edentulous, but is usually armed with teeth. The alimentary 
canal is short, and is united to the skin by means of a spongy 
vascular tissue. The pseudo-haamal system consists principally 
of four great longitudinal trunks, connected by lateral vessels, 
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and devoid of any special dilatations. Respiration appears to 
be effected by means of a number of pulmonary sacs, which 
are formed simply by an involution of the integument, and 
which open externally by minute apertures, termed * stig- 
mata.' In the common Leech there are about seventeen of 
these vesicles on each side of the body, their openings being 
placed on the abdominal surface. These saccular involutions 
of the integument certainly secrete the mucus with which the 
body of the animal is lubricated, and it is believed by some that 
their function is solely excretory, and that they answer to the 
kidneys of higher animals. In this case respiration must be 
effected by the general surface of the body ; but there is no 
reason why the same organs should not perform both func- 
tions, since a close relationship subsists between the two. 

The nervous system consists of a prsB-oesophageal ganglion, 
which gives branches to a number of simple eyes, or ocelli, 
which are placed on the head, and which is united by lateral 
oesophageal cords to the ventral gangliated chain. 

The sexes are united in the same individual, but the Leeches 
are nevertheless incapable of self-fertilisation. 

The common Horse-leech is not provided with any dental 
apparatus; but the Medicinal Leech (Scmguisuga officinalis) 
(fig. 45) has its mouth furnished with three crescentic jaws, 
the convex surfaces of which are serrated with minute teeth. 
This species is chiefly imported firom Hungary, Bohemia, and. 
Russia. 

Order II. Oligochjeta (Terricola). — The members of this 
order, comprising the Earth-worms (Lumhncidce), and the 
Water- worms {Naididce), are distinguished by the fact' that 
their locomotive appendages are in the form of chitinous setee 
or bristles, attached in rows to the sides and ventral surface 
of the body. They are all hermaphrodite. 

In the common Earth-worm {I/wmhricus) the body is cylin- 
drical, attenuated at both extremities, and carrying in the 
adult a thickened zone, which occupies from six to nine rings 
in the anterior part of the body, is connected with reproduc- 
tion, and is termed the ' cHtelJnm,' or ' saddle.' Locomo- 
tion is effected by eight rows of short bristles or setsB, four of 
which are placed laterally and four on the ventral surface of 
the body ; these representing the foot- tubercles of the higher 
Annelides. The month is edentulous, and opens into a short 
oesophagus, which leads to a muscular crop, or ' pro-ventri- 
culus,' succeeded by a second muscular dilatation, or gizzard. 
The intestine is continued straight to the anus, and is con- 
stricted in its coTirse by numerous transverse septa, springing 
from the walls of the perivisceral cavity. The pseudo-haemal 
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system is well developed ; and there exists, in even greater 
numbers, the same series of lateral sacculi which we have seen 
in the Leeches, and which have either a respiratory or a renal 
function. 

Of the little NaXdidce, the most familiar is the Tiihifex rivu- 
loi'uin, which is of common occun^ence in the mud of ponds and 
streams. It is from half an inch to one inch and a half in 
length, and of a bright red colour. The pseudo-hsBmal system 
is provided with two contractile cavities or hearts ; and there 
is present the same system of lateral tubes, opening externally 
by pores, as occurs in the Earth-worms. 

The Naididce are chiefly noticeable on account of the singu- 
lar process of non-sexual reproduction which they present, be- 
fore they attain sexual maturity. In this process the NaYs 
throws out a bud between two rings, at a point generally near 
the middle of the body. Not only is this bud developed into 
a firesh individual, but the two portions of the parent marked 
out by the budding point likewise became developed into se- 
parate individuals. The portion of the parent in front of the 
bud develops a tail, whilst the portion behind the bud de- 
velops a head. Prior to the detachment of the bud, other 
secondary buds are formed from the same segment, each in 
front of the one already produced.; and in this way, before se- 
paration takes place, a chain of organically connected indivi- 
duals is produced, all of which are nourished by the antenor 
portion of the primitive worm. 

Order III. Tubicola (GepJialohranrMata). — The Annelides 
which are included in this order inhabit tubes, which may be 
calcareous, and secreted by the animal itself, or may be com- 
posed of grains of sand or pieces of broken shell, cemented to- 
gether by a glutinous secretion from the body. The body- 
rings are mostly provided with fasciculi of bristles set upon 
lateral foot-tubercles or parapodia, by means of which the ani- 
mal is enabled to draw itself in and out of its tube. The ali- 
mentary canal is loosely attached to the integument. The 
Tubicola are unisexual, and the young pass through a meta- 
morphosis. • 4 

When the tube of a Tubicolar A nuclide is a true calcareous 
secretion from the body of the animal, it is, nevertheless, 
readily distinguished from the shell of the Mollusca, by the fact 
that there is no organic connection of any kind between the 
animal and its tube. 

The pseudo-haemal system has its usual arrangement, and 
the contained fluid is usually red in colour, but is olive-green in 
Sabella. The respiratory organs are in the forfn of filamentous 
branchisB, attached to, or near, the head, generally in two late- 
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ral tufts, arranged in tt funnel-ehaped or spiral form. Each 
filament is fringed with vibrating cilia, and the tufts are richly- 
supplied with fluid from the paeado-btemal system. There ie 
no special apparatus required to drive the blood back to the 
heajt, but this ia effected by the contractile power of the gills 
themselves. Protn the position of the branchiaa upon, or near, 
the head, the Tuhieola are often known as the ' cephaio- 
branchiate ' Annelides (fig. 46), 

BeproductioQ in the Tuhieola is generally sesnal, the seses 
being in different individuals ; but spontaneous fission has also 
been observed. As regards their development, the process has 
been thus described,, as it occurs in Terebella : — The embryo, 
which is at first a free- swimming, ciliated body, ' lengthens, 
and the cilia, which were at first generally diffused, become 
confined to a cincture behind the bead, a transverse ventral 
band near the tail, and a small circle round that part. The 
head ia distinguished by two red eye-specks ; new^ segroentg 
are successively added, one behind the other, and always in 
front of the anal one ; but as yet the embryo ia apodal. The 
tubercles and setfe are nest developed in the same order, 
and a free-swimming, or " errant " AJinelide ensues. Finally 
the cilia of the buccal rings are lost, the young Terebella re- 
poses, and envelops itself in a mucous tube.' — (Owen.) As 
tbe young tubicolar Annelide is thus free, or 'errant,' before 
it becomes finally enveloped in a tube, it ia generally believed 
that the Tuhieola should be looked upon as really higher than 
the next order of Annelida, viz. the En-autia. It appears, how- 
ever, more probable that the stationary condition of the adult 
Tubicola should rather be regarded as an instence of ' retro- 
grade development.' 

The most familiar of the Tubicola is the Serpula, the con- 
torted and winding calcareous tubes of which must be known 
to almost every one, as oc- 



cephalic cirrhi in Serpula is 
much developed, and car- 
ries at its extremity a coni- 
cal plug, or operculum, 
whereby the month of the 
tube is closed, when the 
animal ia retracted within it. 
Equally familiar with Ser- 
pula is Terebella, the animal of which is included ii 
composed of sand and fragments of shell, cemented together 
by a glutinous secretion. 
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Order TV, Errantia (Nereidea), — This order comprises 
free Annelides, which possess setigerous foot-tubercles. The 
respiratory organs are generally in the form of tnfts of exter- 
nal branchisB, arranged along the back or the sides of the 
body. They are nnisexnal, and the yonng pass through a 
metamorphosis. This order includes most of the animals 
which are commonly known as Sand- worms and Sea- worms, 
together with the familiar Sea-mice. 

The integument is soft, and the body is very distinctly 
divided into a great number of rings or segments, each of 
which, in the typical forms, possesses the following structure. 
The segment consists of two arches, a lower or * ventral arc,' 
and an upper or ' dorsal arc,' with a ' foot- tubercle ' on each 
side. Each foot-tubercle consists of an upper process, or 
* notopodium,' and a lower process, or * neuropodium,' each of 
which carries a tuft of bristles, or * setsB,' and a species of ten- 
tacle termed the * cirrhus ' {fig. 44). 

The anterior extremity of the body is usually so modified 
as to be distinctly recognisable as the head, and is provided 
with eyes, and with two or more feelers, which are not jointed, 
and are, therefore, not comparable with the antennaB of Crus- 
tacea and Insects. The mouth is placed on the inferior sur- 
face of the head, and is often furnished with one or more pairs 
of homy jaws, working laterally. The pharynx is muscular, 
and forms a sort of proboscis, being provided with special 
muscles, by means of which it can be everted and again re- 
tracted. In most there is no distinction between stomach and 
intestine, and the epithelium of the alimentary canal, like 
that of the preceding orders, is ciliated. The perivisceral 
cavity is filled with a colourless corpusculated fluid — ^the * chyl- 
aqueous fluid,' — which * performs one of the functions of an 
internal skeleton, acting as the fulcrum or base of resistance 
to the cutaneous muscles, the power of voluntary motion being 
lost when the fluid is let out.' — (Owen.) 

The pseudo-hsBmal system is well developed, and consists 
essentially of a long dorsal vessel, and a similar ventral one, 
connected by transverse branches, and furnished at the bases 
of the branchieB with pulsating dilatations. The contained fluid 
is mostly red, but is yellow in Aphrodite and Polynoe. 

Respiration is carried on by means of a series of external 
branchieB or gills, arranged in tufts upon the sides of the body 
on its dorsal aspect, along the middle of the body only, or 
along its entire length. From the position of the branchiee, 
the members of this order are often spoken of as the * Dorsi^ 
branchiate' (or more properly * Notobranchiate') Annelides. 

In the Sea-mouse (Aphrodite)y the back is covered with a 
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double row of imbricated plates, which are called * elytra,' or 
' squamsB,' and respiration is effected by the periodical eleva- 
tion and depression of these plates, whereby water is alter- 
nately admitted into, and expelled from, a space beneath them. 




iiin^ 



Fig. 47.—' Errant' Annelide. NereiSy showing the 'head' with its appendages, 

and the setigerons parapodia. 

This space is separated by a membrane from the perivisceral 
cavity below. 

The nervous system in the Errantia has its typical form, 
consisting of a double gangliated ventral cord, two ganglia of 
which are appropriated to each segment. The prsB-oesopha- 
geal, or cerebral, ganglia are of large size, and send filaments 
to the ocelli and feelers. 

The sexes in the Errantia are in different individuals, and 
reproduction is usually sexual, though in some cases gemma- 
tion is known to occur. The process of genmiation is carried 
on by a single segment, and so long as it continues, the bud- 
ding individual remains sexually immature ; though the young 
thus produced develop generative organs. Thus, there is in 
these cases a kind of alternation of generations, or rather an 
alternation of generation and gemmation ; the oviparous indi- 
viduals producing eggs from which the genuniparous indivi- 
duals are born ; these, in their turn, but by a non- sexual process, 
producing the oviparous individuals. 

The embryo usually appears, on its liberation from the ovum, 
as a free-swimming, ciliated body, possessing a mouth, intestine, 
and anus. The cQia are primarily diffused, but become aggre- 
gated so as to form a single median belt, or two bands, one 
about each extremity. The head, with its feelers and eye- 
specks, appears at one extremity, wbilst the segments of the 
body begin to be formed at the other. Each segment is deve- 
loped in four parts, the two principal ones forming half-rings, 
united by shorter side-pieces, from which the setigerous foot- 
tubercles are developed. The ciliated band or l^nds finally 
disappear, and new rings are rapidly added by intercalation 
between the head and tibe segments already formed. 
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Amongst the best known of the Errantia is the common 
Lob- worm of our coasts (Arenicola jpiscatm^m)^ which is nsed 
by fishermen for bait. The Lob-worm lives in deep canals 
which it hollows out in the sand of the sea-shore, literally- 
eating its way as it proceeds, and passing the sand through the 
alimentary canal, so as to extract from it any nutriment which 
it may contain. It possesses a large head, without eyes or jaws, 
aTid with a short proboscis. There are thirteen pairs of bran- 
chiae, placed on each side in the middle of the body. 

In the Nereidce the body is greatly .elongated, and consists 
of a great number of similar segments, with rudimentary bran- 
chisB. The head is distinct, and carries eyes and feelers, whilst 
the mouth is furnished with a large proboscis, and often with 
two horny jaws (^fig. 47). In the Eunicea the branchiee are 
usually well developed and of large size, and the mouth is 
armed with seven, eight, or nine horny jaws. Eunice gigantea 
attains sometimes a length of over four feet, and may consist 
of more than four hundred rings. 

Distribution of Annelida in Time. — Of the Annelida the 
only orders which are known to have left any traces of their 
existence in past time are the Tuhicola and the Errantia ; of 
which the former are known by their investing tubes, whilst 
the latter are only recognised by the tracks which they left 
upon ancient sea-bottoms, or by their burrows in sand or mud. 
These tracks and burrows of Annelides are found commonly in 
rocks of almost all ages from the Cambrian period upwards. 
Those tracks which have been caused simply by the passage 
of the worm over the surface of the mud are termed by Mr. 
Salter Helminthites, whilst the burrows are called Scolites (or 
ScolitJms). 

Tubicolar Annelides are known to occur from the Silurian 
Rocks upwards. The well known Silurian fossil, Tentaculites, 
is generally believed to belong to this order, but it is referred 
by M. Barrande to the Pteropoda (Molhcsca), CornuUtes, and 
Trachydenna, however, are undoubted Silurian Tuhicola, The 
Microconchus carhonarius is a little spiral Tubicolar Annelide, 
nearly allied to the Spirorhis of our seas, which is not uncom- 
monly found in strata belonging to the Carboniferous period ; 
and the genus Spirorhis itself is represented even in the Silu- 
rian period. 

TABULA.B VIEW OF THE ANNELIDA. 

Division A. Abbanchiata. — ^No external organs of respiration. 

Order I. Hirudinea. — No bristles or foot-tubercles: locomotion by 

means of a suctorial disc at one or both extremities. 111. Gen. Hirudo, 

Clepsinef Pontobdella. 
Order II. Oligochceta. — Locomotion by means of rows of stiff bristles, 

or * setae;' no foot-tubercles. Ill, Gen. Lumbricus, NatSf Tuhifcx. 
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Division B. Branchiata. — Respiratory organs in the form of external 
branchiae. 

Order III. Tuhicola. — Body protected by a calcareous or arenaceous 
tube. Branchiae attached to, or near, the head {C^halobranchiata). 
111. Gen. Serpula^ Terebdla, Sabella. 

Order IV. Errantia. — Animal free, with setigerous foot-tubercles. 
Branchiae in tufts, attached to the sides of the body, in the middle 
of dorsal region only, or along its entire length (Dorsihranchiata), 
111. Gen. Arenicola (Lob-worm), l^ereis (Sea-centipede), Aphrodite 
(Sea-mouse). 

Class III. Ch^tognatha (Huxley). — The remaining class ot 
the Anarthropoda has been recently constitated by Professor 
Huxley under the name of Chcetognatha, for the reception of the 
single genus Sagitta, which had been formerly placed amongst 
the An7ielida. 

The Sagittce are singular marine animals, transparent, and 
elongated in form, and usually not more than an inch in 
length. The following are the characters ascribed to the class 
by Huxley : — 

' The head is provided with several, usually six, sets of strong, 
bilaterally symmetrical oral setsB, two of which, long and claw- 
like. He at the sides of the mouth ; while the other four sets are 
short and lie on that part of the snout which is produced in 
front of the oral aperture. The posterior part of the body is 
fringed on each side by a delicate striated fin-like membrane, 
which seems to be an expansion of the cuticle. In some species 
the body is beset with fine setae. The intestine is a simple, 
straight tube, extending from the mouth to the anus ; the latter 
opens on the ventral surface, just in front of the hinder oxtre- 
mity. A single oval ganglion lies in the abdomen, and sends, 
forwards and backwards, two pairs of lateral cords. The lateral 
cords unite in front of and above the mouth into a hexagonal 
ganglion. This gives off two branches which dilate at their 
extremities into the spheroidal ganglia, on which the darkly 
pigmented imperfect eyes rest. The ovaries, saccular organs, 
lie on each side of the intestine and open on either side of the 
vent ; receptacula seminis are present. Behind the anus, the 
cavity of the tapering caudal part of the body is partitioned 
into two compartments ; on the lateral parietes of these, cellular 
masses are developed which become detached, and floating 
freely in the compartment, develop into spermatozoa. These 
escape by spout-like lateral ducts, the dilated bases of which 
perform the part of vesiculce semmales. The embryos are not 
ciliated, and undergo no metamorphosis.' — (See Introduction to 
the Classification of Animahy p. 52.) 
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CHAPTER XXX. 

ABTHROPODA. 

Division II. Arthropod a, or Articulata. — The remaining mem- 
bers of the sub-kingdom Armuloaa are distinguished by the 
possession of jointed appendages, articulated to the body ; and 
they form the second primary division — often called by the 
name ArticuLata, As this name, however, has been employed 
in a wider sense tlian is nnderstood by it here, it is, perhis, 
best to adopt the more modern term Arthropoda. 

The members of this division, comprising the Cncsta^ea 
(Lobsters, Crabs, &c.), the Arachnida (Spiders and Scorpions) 
the Myriapoda (Centipedes), and the Insecta, are distinguished 
as follows : — 

The body is composed of a series of segments, arranged along 
a longitudinal axis ; each segment, or * somite,' occasionally, 
and some always, being provided with articulated appendages. 
Both the segmented body and the articulated limbs are more 
or less completely protected by a chitinous exoskeleton, formed 
by a hardening of the cuticle. The nervous system in all, at 
any rate in the embryonic condition, consists of a double chain 
of ganglia, placed along the ventral surface of the body, united 
by longitudinal commissures, and traversed anteriorly by the 
oesophagus. The hasmal system, when differentiated, is placed 
dorsally, and consists of a contractile cavity, or heart, provided 
with valvular apertures, and communicating with a perivisceral 
cavity, containing corpusculated blood. Respiration is effected 
by the general surface of the body, by gills, by pulmonary sacs, 
or by tubular involutions of the integument, termed * trachesB.* 
In no member of the division are vibratile cilia known to be 
developed. According to Professor Huxley, an additional 
constant character of the Arthropoda is to be found in the 
structure of the head, which is typically composed of six seg- 
ments, and never contains less thaii four. 

The Arthropoda are divided into four great classes, viz. the 
Crtista^ea, the Arachnida, the Myriapoda, and the Insecta-, 
which are roughly distinguished as follows : — 

1. Crustacea. — Respiration hy means of gills, or by the general 
surface of the body. Two pairs of antemue. Locomotive appen^ 
dages more than eight vn nAi/mber, borne by the segments of the 
thorax, and usually of the abdomen also. 

2. Arachnida. — Respiration by pulmonary vesicles, by tracheae^ 
or by the general surface of the body. Head and thorax united 
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into a cephalothorax. Antennce (as such) absent. Legs eight. 
Abdomen without articulated appendages, 

3. Myriapoda. — Respiration h/ trachece; head distinct; remain^ 
der of the body composed of nearly similar somites. One pai/r of 
antennae. Legs numerous, 

4. Insecta. — Respiration by trachece. Head, thorax, and abdo^ 
men distinct. One pair of antennce. Three pan/rs of legs, borne on 
the thorojx. Abdomen destitute of limbs, Oenerally two pairs of 
wings on the thorax. 



CHAPTER XXXI. 

CRUSTACEA, 



Class I. Crustacea. — The members of this class are commonly 
known as Crabs, Lobsters, Shrimps, Eling-crabs, BarDacles, 
Acom-shells, &c. They are nearly allied to the sncceeding order 
of the Arachnida (Spiders and Scorpions) ; but may usually be 
distinguished by the possession of articulated appendages 
upon the abdominal segments, by the possession of two pairs 
of antenneB, and by the presence of branchiaB. 

' In the Crustacea the body is distinguishable into a variable 
number of "somites," or definite segments, each of which may 
be, and some of which always are, provided with a single pair 

of articulated appendages In most Crustacea, and 

probably in all, one or more pairs of appendages are so modi- 
tied as to subserve manducation. A pair of ganglia is primi- 
tively developed in each somite, and the gullet passes between 
two successive pairs of ganglia, as in the An/nellda. 

* No trace of a water- vascular system, nor of any vascular 
system similar to that of the Annelida, is to be found in any 
Crustacean. All Crustacea which possess definite respiratory 
organs have branchise or outward processes of the wall of the 
body, adapted for respiring air by means of water; the ter- 
restrial Isopoda, some of which exhibit a curious rudimentary 
representation of a tracheal system, forming no real exception 
to this rule. When they are provided with a circulatory organ, 
it is situated on the opposite side of the ahmentary canal to 
the principal chain of ganglia of the nervous system ; and com- 
municates by valvular apertures with the surrounding venous 
sinus — the so-called " pericardium." ' — (Huxley.) 

In addition to these characters, the body in the Gru>stacea 
is always protected by a chitinous or sub-calcareous exoske- 
leton, or * crust,' and the number of pairs of articulated limbs 
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is generally from five to seven. They all pass through a series 
of metamorphoses, before attaining their adult condition, and 
every part that is found in an embryonic form, even though 
only temporarily developed, may be represented in a perma- 
nent condition in some member of a lower order. 

The classification of the Crustacea is extremely com.plicated, 
and hardly any two writers adhere to the same arrangement. 
The tabular view which follows embodies the arrangement 
which appears to be most generally adopted, and the dia- 
gnostic characters of each order will be briefly given, a more 
detailed description being reserved for the more important divi- 
sions of the class. Before proceeding further, however, it will 
be as well to give a description of the morphology of a typical 
Cnistacea/ii, selecting the Lobster as being as good an example 
as any. 

The body of a typical Crustacean may be divided into three 
regions — a head, a thorax, and an abdomen, each of which is 
composed of a certain number of somites, though opinions 
differ both as to the number of segments in each region, and 
as to their number collectively. By the majority of writers 
the body is looked upon as being typically composed of twenty-^ 
one segments, of which seven belong to the head, seven to the 
thorax, and seven to the abdomen. In many Crustacea, how- 
ever, the segments of the head and thorax are welded together 
into a single mass, called the * cephalothorax ; ' in which case 
the body shows only two distinct divisions, of which the 
cephalothorax claims fourteen segments, whilst the remaining 
seven are allotted to the abdomen. By Professor Huxley, on 
the other hand, the terminal joint of the abdomen, termed the 
* telson,' is regarded as an appendage, and not as a somite. 
Upon this view, the body of a typical Crustacean will consist 
of twenty segments only. Professor Huxley, further, differs 
from the above-mentioned view, in the allotment of the so- 
mites, and he divides the body into six cephalic, eight thoracic, 
and six abdominal somites. 

Whilst the normal number of segments in the body of any 
Crustacean may thus be regarded as being twenty-one, or 
twenty, there occur cases in which this number is exceeded, 
and others in which the number of somites is apparently less. In 
these latter cases, however, the apparent diminution in the num- 
ber of segments is really due to some having been fused together, 
as is shown by the number of appendages, since each pair of 
appendages indicates a separate somite. In other cases, how- 
ever, in which the number of somites is really less than the 
normal, this is due to an arrest of development. According to 
Milne-Edwards :— 
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'In the embryo these segments are formed in succession 
from before backwards, so tliat, when their evolution is 
checked, the later, rather than the earlier, rings are those 
which are wanting ; and, in fact, it is generally easy to see in 
those specimens of full-grown Crustaceons animals whose 
bodies present fewer than twenty-one segments, that the ano- 
maly depends on the absence of a certain number of the most 
posterior rings of the body.' 

In no single example can a general view be obtained of the 
different segments and their appendages in the Crustacea. 
' Indeed, the only segment that may be said to be persistent, 
is that which supports the mandibles, for the eyes may be 
wanting, and the antenneB, though less liable to changes than 
the remaining appendages, are nevertheless subject to very 
extraordinary modifications, and have to perform Unctions 
equally various. Being essentially and typically organs of 
touch, hearing, and perhaps of smell, in the highest Deca- 
pods, they become converted into burrowing organs in the 
Scyllaridcey organs of prehension in the Merostomata, claspers 
for the male in the Gychpoidea, and organs of attachment in 
the Glrripedia, Not to multiply instances, we have presented 
to us in the Gnistacea probably the best zoological illustration 
of a class, constructed on a common type, retaining its general 
characteristics, but capable of endless modification of its parts, 
so as to suit the extreme requirements of every separate spe- 
cies.' — (H. Woodward.) 

Taking the common Lobster as a good and readily obtain- 
able type of the Crustacea, the body is at once seen to be com^ 
posed of two parts, familiarly called the ' head' and the *tail,' 
the latter being jointed and flexible. The so-called *head ' is 
really composed of both the head, properly so called, and the 
thorax, which have coalesced so as to form a single mass, 
technically called the * cephalothorax.' The so-called * tail,' 
on the other hand, is truly the * abdomen.' The various ap- 
pendages of the animal are airanged along the lower surface of 
the body, and consist of the feelers, jaws, claws, legs, &c. 
The entire body, with the articulated appendages, is enclosed 
in a strong chitinous * shell,' or exoskeleton, and the cephalo-' 
thorax is covered by a great cephalic shield or plate, which 
is termed the * carapace.' 

Each segment of the body may be regarded as essentially 
composed of a convex upper plate, termed the ' tergum,' which 
is closed below by a flatter plate, called the ' sternum,' the line 
where the two unite being produced downwards and outwards, 
into a plate, which is called the *pleuron,' or * pleura' {fig. 49, 2). 

Strictly speaking, the eomposition of the typical somite is considerably 
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more complex, each of the primary arcs of the somite being really composed 

of four pieces. The tergal arc is composed of two central pieces, one on each 

side of the middle line of the body, united 

y. a together, and constituting the 'tergum' 

^HaHHHB^ proper. The superior arc is completed by 

^^ J) ^^ t^o lateral pieces, one on each side of the 

jy. ^ ^......7j tepgum, which are termed the *epimera.* 

* ^k •, J^ * In like manner, the ventral or sternal arc 

J^^^^^^^^w*f ^B composed of a central plate, composed 

S S ^^ *'^° pieces united together in the 

middle line, and constituting the * sternum ' 

Fig. 48.— Theoretical flguro illu&- proper; the arc being completed by two 

trating the composition of the lufp-ol nieces tprmfid thp 'PT^istPrna ' TVipoa 
tegnmentary skeleton of the lar^rai pieces, termea tne episterna. inese 

Crustacea (after Milne-Edwards), plates are usually more or less completely 

D. Dorsal arc ; u. Tergal pieces ; anchylosed together, and the true structure 

« e. ?Pi"«~^«if 5 lj:«^*J^ of the somite in these cases is often shown 
arc : « *. Sternal pieces ; //. , , n j , j ^ » mi 

Epistemal pieces ; pp. Insertion by wiiat are called *apoaemata. These are 

of the extremities. septa which proceed inwards from the in- 

ternal surface of the somite, penetrating 
more or less deeply between the various organs enclosed by the ring, and 
always proceeding from the line of junction of the different pieces of the 
segment {Jig. 48). 

It mnst be borne in mind tbafc tbougb the so-called 'bead,* 
tbat is to say tbe * cepbalothorax,' of the Lobster is produced 
by an amalgamation of tbe various somites of tbe bead and 
thorax, tbis is not tbe case witb tbe great sbield wbicb covers 
tbis portion of tbe body. Tbis sbield — the so-called * cepbalic 
buckler,' or * carapace ' — is not produced by tbe union of tbe 
tergal arcs of tbe various cepbalic and thoracic segments, as 
V70uld at first sigbt appear to be to tbe case. On tbe contrary, 
tbe ' carapace ' in tbe higher Crustacea is produced by an enor- 
mous development of tbe tergal pieces, or of tbe *epimera' of 
one or two of tbe cepbalic segments : tbe tergal arcs of tbe re- 
maining somites being over-lapped by tbe carapace and remain- 
ing undeveloped 

Examining tbe somites from bebind forwards (for sim- 
pbcity's sake), tbe last segment comes to be first described. 
Tbis is tbe so-called * telson,' wbicb forms tbe last articulation 
of tbe abdomen, and never bears any appendages. For tbis 
reason, many authorities do not regard it as a somite, properly 
speaking, but simply as an azygos appendage — tbat is to say, 
as an appendage witbout a fellow. In tbe next segment (the 
last but one, or tbe last, of tbe abdomen, according to tbe view 
wbicb is taken of tbe 'telson*), there is a pair of natatory 
appendages, called 'swimmerets.' Eacb swimmeret {fig, 49, 2) 
consists of a basal joint, wbicb articulates witb tbe sternum, 
and is called tbe * protopodite ' or propodite, and of two di- 
verging joints, which are attached to tbe former ; tbe outer 
of tbese being called tbe * exopodite,' and tbe inner tbe * endo- 



ANirULOSA: OBUSTAOEA. 



175 



podite.' In tliiB parfcicultir Begment, the exopodite and endo- 
podite are greatly expanded, bo aa to form powerful paddles, 
and the exopodite is divided into two by a transverse joint. 
In the Bucceeding somites of the abdomen — with the ezceptioa 




3. Tha third ftbdomlnalflaiQltfl 
on ; a. Protopodlts ; b. 
H lut pair or Eaot-j«ti or iobxI] 






of the first, in which there ia some modification — the appen- 
dages are in the form of Bwimmerete, eBBcntially the same as 
those attached to the penultimate segment, and differing only 
in the fact, that the exopoditfi and endopodite are much nar- 
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rower, and the former is undivided (fig. 49, 2). The last 
thoracic somite — immediately in front of the abdomen — carries 
a pair of the walking, or ambulatory, legs, each consisting of 
a short basal piece, or *propodite,' and of a long jointed 
' * endopodite,' the * exopodite ' not being developed. The next 
thoracic segment carries another pair of ambulatory limbs, 
quite similar to the last, except for the fact that the protopo- 
dite bears a process which serves to keep the gills apart, and 
is termed the * epipodite.' The succeeding segment supports 
a pair of limbs similar to the last in all respects, except that 
its extremities, instead of being simply pointed, are converted 
into nipping claws or * chelsB.' The next segment of the thorax 
carries a pair of chelate limbs, just like the preceding, and the 
next is furnished with appendages, which are essentially the 
same in structure, but are much larger, constituting the great 
claws. The next two segments of the thorax, and the segment 
in front of these (by some looked upon as belonging to the 
head, by others as referable to the thorax) bear, each, a pair 
of modified limbs, which are termed * maxillipedes,' or * foot- 
jaws/ These are simply limbs with the ordinary structure of 
protopodite, exopodite, endopodite, and epipodite, but modi- 
fied to serve as instruments of mastication, the hindmost pair 
being less altered than the two anterior pairs (fig, 49, 3). 
The next two somites carry appendages, which are in the form 
of jaws, and are termed respectively the first and second pairs 
of ' maxillae.' Each consists of the parts afore-mentioned, but 
the epipodite of the first pair of maxillsB is rudimentary, whilst 
that of the second pair is large, and is shaped like a spoon. 
It is termed the * scaphognathite,' and its function is to cause 
a current of water to traverse the gill-chamber by constantly 
baling water out of it. The next segment carries the biting 
jaws, or ' mandibles ; ' each of which consists of a large proto- 
podite, and a small endopodite, which is termed the *palp,' 
whilst the exopodite is undeveloped. The aperture of the 
mouth is situated between the bases of the mandibles, bounded 
behind by a forked process, called the 'labium,' or *metastoma,' 
and in front by a single plate, called the ' labrum ' (upper lip). 
The next segment bears the long antennae, or feelers, each 
consisting of a short protopodite, and a long, jointed, and 
segmented endopodite, with a very rudimentary exopodite. 
In front of the great antennsB are the next pair of appendages, 
termed the * antennules,' or smaller antennae, each composed 
of a protopodite, and a segmented endopodite and exopodite, 
which are nearly of equal size. Finally, attached to the first 
segment of the head are the eyes, each of which is borne upon 
an eye-stalk formed by the protopodite. The gilUchamber is 
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formed by a great prolongation downwards of the pleura of the 
thoracic segments, and the gills are attached to the bases of 
the legs. 

TABULAE VIEW OF THE DIVISIONS OP THE CRUSTACEA. 

Sub-class I. Epizoa (Hatostellata), 
Order 1. Ichthyophthira, 

Sub-class n. ClERIPEDIA. 

fBalanidse. 
Order 2. Thoracica. . »< Vermcidae. 

„ o. Abdomvrialia, 
„ 4. Ajpoda, 

Sub-class rn. Entomostraca. 

Order 5. Ostracoda, It- . t i. ^ j^ 
„ e.Gop^oda. \ Lepon, Jx>^hjTopoai,. 

„ 7. Gladocera, 1 

„ 8. Phyllopoda, > Legion^ Branchiopoda. 

„ 9. Trilohita, J 

j^ 10. Merostomata. 

Sub-class rV. Malacostraca. 
Division A. Edriophthalmata, 
Order 11. Loemodvpoda, 
„ 12. Isopoda, 
„ 13. Amphipoda, 
Division B. Podophthalmata, 
Order 14. Stomapoda, 
„ 15. Decapoda. 

Tribe a. Macrwra, 
„ h. Anomy/ra. 
„ c. Brachyura, 



CHAPTER XXXII. 
EPIZOA AND CIRRIPEDU. 



Sub-class I. Epizoa (Haustellata). — The members of this sub- 
class of the Ci^sidcea are in the adult state parasitic upon 
the bodies of fishes, and are usually deformed ; but in the 
young condition they are locomotive, and are furnished with 
antennae and eyes. The mouth is suctorial, and the limbs are 
terminated by suckers, hooks, or bristles. There are no dif- 
ferentiated respiratory organs, but respiration is performed by 
the surfa<3e of the body. The males are rudimentary, and are 
vol. i. n 
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mncli smaller than the females, which are nsnally fumished 
with external ovisacs. 

This division includes the single order Ichthyophthvraj the 
characters of which are therefore the same as those of the sub- 
class, comprising various parasites upon fishes belonging to 
the genera Lemcea, Achtheres, Peniculvs, &c. 

Order 1. Ichthyophthira. — The members of this order are 
attached in the adult condition to the skin, eyes, or gills of 
fishes, and when mature possess an elongated body, having a 
more or less distinct head, and usually a pair of long, cylin- 
drical ovisacs, depending from the extremity of the abdomen. 
Some adhere by a suctorial mouth, or by cephalic processes 
(Gephaluna) ; others are attached by a suctorial disc, developed 
at the extremities of the last pair of thoracic limbs, which are 
united together (Bradiiuva)^ whilst in others (Onchima) at- 
tachment is effected by hooks at the free extremities of the 
first pair of thoracic limbs. — (Owen.) 

The males are usually not attached, but adhere to the fe- 
males, of which, from their much smaller size, they appear to 
be mere parasites. The chief anatomical peculiaiities of the 
female are the following : — The head is provided usually with 
a pair of jointed antennee^ and the body is divided into a 
cephalothorax and abdomen. The alimentary canal consists 
of a mouth, gullet, and intestine, terminating posteriorly in a 
distinct anus. The nervous system consists of a double 
ventral cord. 

The embryo is free-swimming, and is provided with visual 
organs and locomotive appendages. The two sexes are now 
alike, and the conversion of the active embryo, or larva, into 
the swollen and deformed adult must be regarded as an in- 
stance of * retrograde metamorphosis.' 

Sub-class II. Cirripedia. — This sub-class includes, amongst 
others, the common Acorn- shells, and the Barnacles or 
Goose-mussels. All the Cirripedia are distinguished by the 
fact, that, in the adult condition, they are permanently fixed to 
some solid object by the anterior extremity of the greatly 
metamorphosed head ; the first three cephalic segments being 
much developed, and enclosing the rest of the body. The 
larva is free and lor^omotive, and the subsequent attachment, 
and conversion into the fixed adult, is effected by means of a 
peculiar secretion, or cement, which is discharged through the 
antennsB of the larva, and is produced by a special cement- 
gland, which is really a portion of the ovary. In the Cin^pt-dia^ 
therefore, the head of the adult is permanently fixed to some 
solid object, and the visceral cavity is protected by an articu- 
lated calcareoas shell, or by a coriaceous envelope. The pos- 
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terior extremity of the animal is free, and can be protruded at 
will througli the orifice of the shell. This extremity consists 
of the abdomen, and of six pairs of forked, ciliated limbs, 
which are attached to the thorax, and serve to provide the 
animal with food. The two more important types of the 
Cirripedia are the Acorn-shells (Balanidce) and the Barnacles 
(Lepadidce), In the former the animal is sessile, the larval 
antennsB, through which the cement exudes, being imbedded 
in the centre of the membranous or calcareous * basis ' of the 
shell. In the latter the animal is stalked, and consists of a 
* peduncle ' and a ' capitulum.* The peduncle consists of the 
anterior extremity of the body, with the larval antennee, 
usually cemented to some foreign body. The capitulum is sup- 
ported upon the peduncle, and consists of a case composed of 
several calcareous plates, united by a membrane, enclosing the 
remainder of the animal. 

Before giving a more detailed description of this singular 
and important sub-class, the following definition, as given by 
Owen, may be advantageously appended : — 

* Body J chitinous, or chitino- testaceous, sub-articulated, mostly symme- 
trical, with aborted antennae and eyes. Mouthy prominent, composed of a 
labrum, palpi, two mandibles, and two pairs of maxillae. Thorax^ attached 
to the sternal, internal surface of the carapace, with six pairs of multi- 
articulate, biramous, setigerous limbs. Abdomen, rudimentary. Vascular 
system diffused; white blood. Branchiae, when present, attached to the 
inferior lateral part of the surface. Most are hermaphrodite ; a few have 
minute, rudimentary, male individuals parasitically attached to the females. 
Penis proboscidiform, multiarticulate, attached to the hinder end of the 
abdomen. No oviducts. Metamorphosis and metagenesiSy resulting in a 
permanent, parasitic attachment of the fully developed female or herma- 
phrodite individual.' 

As regards -the development of the Cirripedia^ the larva is 
at first oval in shape, devoid of segmentation, and protected 
by a dorsal carapace. There is a single eye, two pairs of 
antennae, and three pairs of natatory limbs, of which the two 
posterior pairs are bifid at their extremities. The larva, in 
fact, in this stage very closely resembles some of the smaller 
Entomostraca. In a more advanced stage, the carapace be- 
comes considerably altered, the great antennae become modi- 
fied for prehension, the first pair of antennae (antennules) 
disappears, and the eye becomes double. In a still more 
advanced condition, the anterior pair of natatory limbs become 
bifid, like the posterior ones ; three* additional pairs of limbs 
are developed behind those already existing ; the abdomen be- 
comes defined from the thorax ; and the carapace is composed 
of two portions, or valves, which enclose the thorax and abdo- 
men with their appendages. Finally, the young Cirripede fixes 

k2 
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iteelf to Bome solid object by meanB of tbe prehensile anteiuue. 
'Tbe "cement-ducts" can be traced as far as the third or "disc- 
segment" of the antennte. There the cement seems to tranande 
and fasten down the disc ; booh both antennie are aurroimded 
by a common border of cement, which gradually incpeaaes in 
extent after the metamorphosis. In tbe Lepas fasoicvlaris the 
cement is poured forth in sufficient quantities to form, itself, the 
substance to which the peduncle of the adnlt barnacle adheres, 
and, for a cluster of which barnacles it conatitates a central 
vesicular float.' — (Owen.) The cement-gland, as shown by Dar- 
win, is ' part of, and continuona with, the branching ovaria,' 
and tbe cement-ducts open through the prehensile antenme. 

Tbe form of the adult, as already said, differs considerably, 
but the two most important types are those presented respec- 
tively by the Sessile, and by the Pedonculated Oirripedia. 




In the common Acom-shella (Balani,jig. 50, a) the anterior 
portion of the head is not elongated, but is fixed to the centre 
of a basal, membranous, or shelly plate, termed the 'basis,' 
which adheres by its external surface to some BoHd body. 
Above the basis rises a more or less limpet- shaped, or conical, 
shell, which is open at the top, but is capable of being com- 
pletely closed by a pyramidal lid, or ' operculum.* Both the 
shell itself and the opercnlnm are composed of calcareous 
plates, usually differing from one another in shape, and dis- 
tinguished by special names. Within the shell the animal ia 
fised, head downwards. Tbe thoracic segments, six in num- 
ber, bear sis pairs of limbs, each of which consists of a jointed 
protopodite and a much segmented exopodite and endopo- 
dite, both of which are ciliated, and constitute the so-called 
' cirri,' from which the name of tbe sub-class is derived. These 
twenty-four cim— the 'glass hand' of the Balanus—axe ia 
incessant action, being protruded from the opening of the 
shell, and again retracCed within it, constantly producing cur- 
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rents of water, and thus bringing food to the animal. There 
are no specialised respiratory organs in the family of the 
BalomidcB. 

In the Barnacles (Lepadidce, fig, 50, h) the anterior ex- 
tremity of the animal is enormously elongated, forming with 
the prehensile antennsB, the cement-ducts, and their exuda- 
tion, a long stalk or peduncle, whereby the animal is attached 
to some solid object. At its free extremity the peduncle bears 
the *capitulum,' which corresponds to the shell of the Ba- 
lanoids, and is composed of various calcareous plates, united 
together by a membrane, moved upon one another by appro- 
priate muscles, and protecting in their interior the body of the 
animal with its appendages. The thorax and limbs resemble 
those of the Balamis; but 'slender appendages, which from 
their position and connections are homologous with the 
branchies of the higher Crustacea^ are attached to, or near to, 
the bases of a greater or less number of the thoracic feet, and 
extend in an opposite direction outside the visceral sac.' — 
(Owen.) 

All the BalanidcB are hermaphrodite, and this is also the 
case with most of the Lepadidce, but some extraordinary 
exceptions occur in this latter order. Thus, in some species 
of Scalpellv/m the individual forming the ordinary shell is 
female, and each female has two males lodged in transverse 
depressions within the shell. These males ' are very singular 
bodies ; they are sac-formed, with four bead-like, rudimental 
valves at their upper ends ; they have a conspicuous internal 
eye ; they are absolutely destitute of a mouth, or stomach, or 
anus; the cirri are rudimental and furnished with straight 
spines, serving apparently to protect the entrance of the sac ; 
the whole animal is attached like the ordinary Cirripede, first 
by the prehensile antennsB, and afterwards by the cemeuting- 
substance ; the whole animal may be said to consist of one 
great sperm-receptacle, charged with spermatozoa ; as soon as 
these are discharged, the animal dies.' 

* A far more singular fact remains to be told ; ScaVpellwm, 
vulgare is, like ordinary Cirripedes, hermaphrodite, but the 
male organs are somewhat less developed than is usual ; and, 
as if in compensation, several short-lived males are almost 
invariably attached to the occludent margin of both scuta. . . . 
I have called these beings complemental males, to signify that 
they are complemental to an hermaphrodite, and that they do 
not pair like ordinary males with simple females.' — (Darwin.) 
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DIVISIONS OF CmBIPEDIl. — (aFTEB DABWIN.) 

Obdes I. Thobacica. 

Carapace^ either a capitulum on a pedicle, or an operculated shell with a 
basis. Body, formed of six thoracic segment^s, generally furnished with six 
pairs of limbs ; abdomen rudimentary, but often bearing caudal appendages. 
Mouthf with labrum not capable of independent movements. Larva, firstly 
one-eyed, with three pairs of legs ; lastly two-eyed, with six pairs of legs. 
Fam. 1. Balanid(B. 

Sessile, without a peduncle ; scuta and terga (forming the operculum) 
provided with depressor muscles ; the rest of the valves immovably 
united together. 
Fam. 2. Verrucida. 

Sessile. Shell asymmetrical, with scuta and terga, which are movable, 
but not furnished with a depressor muscle. 
Fam. 3. Lepadida. 

Pedunculated. Peduncle flexible, provided with muscles. Scuta 
and terga, when present, not furnished with a depressor muscle. 
' Other valves, when present, not united into a single immovable 
case. 
Obdeb II. Abdominalia. 

Carapace flask-shaped ; body formed of one cephalic, seven thoracic, and 
three abdominal segments, the latter bearing three pairs of cirri, but the 
thoracic segments being without limbs. Mouth, with the labrum greatly 
produced,, and capable of independent movements. Larva, firstly egg- 
shaped, without external limbs, or an eye ; lastly binocular, without thoracic 
limbs, but with abdominal appendages. 

G«nus. Cryptophialus. 
Obdeb III. Apod a. 

Carapace, reduced to two separate threads, serving for attachment. 
Body consisting of one cephalic, seven thoracic, and three abdominal seg- 
ments, all destitute of cirri. Mouth suctorial. 
G-enus. Proteolepas. 



CHAPTER XXXm. 
8UB'CLA88 ENT0M08TRACA. 



Sub-class III. Entomostraca. — The term Entomostraca h&s 
been variously employed, and few authorities include exactly the 
same groups of the Qrustacea under this name. By most the 
division is simply defined as including all those Crustacea in 
which the segments of the thorax and abdomen, taken together, 
are more or fewer than fourteen in number — the parasitic 
Epizoa and the Ginrvpedia being excluded. By Professor 
Rupert Jones the following definition of the Entomostraca has 
been given : — 

* Animal aquatic, covered with a shell, or carapace, of a 
homy consistency, formed of one or more pieces, in some 
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genera resembling a cuirass or buckler, and in others a bivalve 
shell, which completely or in great part envelops the body 
and limbs of the animal ; in other genera the animal is invested 
with a multivalve carapace, like jointed plate-armour; the 
branchisB are attached either to the feet or to the organs of 
mastication ; the limbs are jointed, and more or less setiferous. 
The animals, for the most part, undergo a regular moulting 
or change of shell, as they grow ; in some cases this amounts 
to a species of transformation.' 

The Entomostraca are divided into two great divisions, or 

* legions,' the Lophyropoda and the Branchiopoda, with which 
the order Merostortiata may be conveniently considered. 

Division A. Lophyropoda. — The members of this division 
possess few branchisB, and these are attached to the appen- 
dages of the mouth. The feet are few in number, and mainly 
subserve locomotion ; the carapace is in the form either of a 
shield protecting the cephalothorax, or of a bivalve shell 
enclosing the entire body. The mouth is not suctorial, but is 
famished with organs of mastication. 

This division comprises the two orders Ostracoda and 
Copepoda. 

Order I. Ostracoda. — Small Crustaceans having the entire 
body enclosed in a shell or carapace, which is composed of two 
valves united along the back by a membrane. The branchiae 
are attached to the posterior jaws, and there are only two or 
three pairs of feetf which subserve locomotion, but are not 
adapted for swimming. 

The order includes the Gy prides, which are of almost uni- 
versal occurrence in fresh water. The common Gypi'is is 
completely protected from its enemies by a bivalve carapace, 
which it can open and shut iat will, and out of which it can 
protrude its feet. Locomotion is mainly effected by means of 
a pair of caudal appendages. The Cypris is extremely prolific, 
and a single impregnation appears to last the female for its 
entire lifetime. It appears, also, that the young females, 
produced in this way, are capable for some generations of 
producing fresh individuals without the influence of a male 
(parthenogenesis) . 

Order II. Copepoda. — Small Crustaceans, having the head 
and thorax covered by a carapace, and farnished with five 
pairs of natatory feet. Usually there are two caudal locomo- 
tive appendages. 

In the Cyclops J which is one of the commonest of the 

* Water-fleas,' the cephalothorax is protected superiorly by 
a carapace, and the abdominal somites are conspicuous. In 
front of the head is situated a single large eye, behind which 
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In the Da/phnia pulex (fig, 51), or * branched-liomed 
Water-flea,* which occurs commonly in our ponds, the body is 
enclosed in a bivalve shell, which is not famished with a 
hinge posteriorly, and which opens anteriorly for the protrusion 
of the feet. The head is distinct, not enclosed in the carapace, 
and carrying a single eye. The mouth is situated on the 
under surface of the head, and is provided with two mandibles 
and a pair of maxilleB. The gills are in the form of plates, 
attached to the five pairs of thoracic legs. The males are 
very few in number, compared with the females, and a single 
congress is all that is required to fertilise the female for life. 
Not only in this case, but the young females produced from 
the original fecundated female appear to be able to bring forth 
young without having access to a male. In this way the 
influence of a single fecundation appears to be transmitted 
through several generations. 

Order II. Phyllopoda. — Grustacea^ mostly of small size, 
the carapace protecting the head and thorax, or the body 
entirely naked. Feet numerous, never less than eight pairs, 
mostly foHaceous or leaf-like, branchial in function. The eyes 
sometimes confluent, sometimes distinct and sub-pedunculate. 

The Phyllopoda are chiefly interesting from their affinity to 
the extinct Trilobites. In the typical genera Idmnadia and 
Apus, the body is protected by a carapace which is bivalve in 
the former and shield-like in the latter. In Limnadia the 
carapace covers the greater part of the body, and opens along 
the ventral margin. There are from 18 to 30 pairs of mem- 
branaceous and respiratory feet. In Apios the carapace is 
clypeiform and covers a portion of the abdomen, and there 
are sixty pairs of feet, of which all but the first pair are 
foliaceous. 

In Branchipus, which occurs in many pools, the body is not 
protected by a carapace, and this is also the case with the 
singular Httle Artemia salina which inhabits the brine-pans 
at Lymington and elsewhere. 

Order III. Trilobita. — This order is entirely extinct, none 
of its members having survived the close of the PalsBOZoic 
period. It is probable that the Trilobites should be placed 
near the Phyllopoda^ but their exact position is uncertain, as 
no traces of any appendages of any kind, except the labrum, 
have hitherto been discovered in any TriboHte. 

The body of a Trilobite (fig, 52), was covered with a 
* crust,' or exoskeleton, which shows more or less markedly a 
division into three longitudinal lobes, from the presence of 
which the name of the order is derived. The shell is com* ^^m 
posed of a cephalic shield, a certain number of free andU^^T 
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looToble thoracic rings, aod a caudal shield, or ' p^gidimn,* 
the rings of which are more or leaa completely anchyloaed. 
On the under enrface of the body nothing haa hitherto been 
discovered, except the ' hypostonie,' or ' labram,' which waa 
a plate placed in front of the month. No traces of ambnhktoiy 
or natatory hmbs, of branchiffi, or of aoteimee, have ever been 
discovered. The eyes, when present, are compound, and 
uanally sessile, but are sometimes snpported npoQ projecting 
processes. It has generally been supposed that the body of 
the Trilobite occupied the median lobe of the crust, coni- 
mencing with the ' glabella' in front, and terminating with the 
'pygidium' behind; whilst the axial lobea protected a series 
of tiehcate respiratory feet ; but this view is donbted by many 
authorities, and the question is one which we have at present 
no means of deciding. 




VIg. n.— Uorphology of Trilablta. 1. Anaaina Htdgmkiii. 1. Diagram oF ttas 
oeplullc Bbleld of & Trllobita (■tier BulUc). a. QLalwCa; tt. Frw Qtanka, 
beoring 1^ ajB {og) ; cc. Flied olieek, iocludlng the eie-loba (d) ; ri. 

The cephalic shield of a typical Trilobite is more or less completely 
semicircular (Jig. 62), and is composed of a central and of two latcnd 
pieces, of wbich the two latter Diay, or may not, tra united together in &ont 
of tbe iormer. 

The median portion is usually elevated above the remainder of the 
cephalic ehi eld, and is called the 'glabella;' it protected the region of the 
stomach, and is uaually divided into ftom three to four lobes by lateral 
grooves. At each side of the glabella, and continuous with it, is a small 
semicircalar area, called the ' fixed cbeeV The glabella, with the 'fixed 
cheeks,' is separated (rom the lateral portions of the cephalic shield — 
termed the 'moTable,' or 'fcea cheeks,' — by a peenliar suture or line of 
division, which is known as the ' facial enture.' and is quite unknown 
amongst recent Cntsiacta, except for a faint iodicatioD in the lAmtdus, and 
mor^or less doubtful traces in certain other forms. The movable cheeks 
bear the eyes, which are generally ccescantio or reniform in shape, are 
rarely pedonculated, and consist of an aggregation of facets covered by a 
thin cornea. The facial suturea may join one another in front of the 
glabella — is which case the izte cheeks will form a single piece — or they 
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may cut the anterior margin of the shield separately — in which case the 
free cheeks will be discontinuous. The posterior angles of the &ee cheeks 
are often produced into long spines. 

Behind the cephalic shield comes the thorax, composed of a variable 
number of segments, which are not soldered tc^ether, but are capable of 
free motion upon one another, so as to allow the animal to roll itself up 
after the manner of a wood-louse, or hedgehog. The thorax is usually 
strongly trilobed, and each thorax* ring shows the same trilobation, being 
composed of a central, more or less strongly convex, portion, called the 
* axis,' and of two flatter side-lobes, called the * pleurae.' 

The ' pygidium,' or ' tail,* is usually trilobed, also, and, like the thorax, 
consists of a median axis and of a marginal limb, the composition of the 
whole out of anchylosed segments being shown by the existence of axial 
and pleural grooves. 

Order IV. Merostomata. — The members of this order are 
Grustaceay often of gigantic size, in which the month is fnr- 
nished with mandibles and maxillsD, the terminations of which 
become walking- or swimming-feet, and organs of prehension. 

This order comprises the recent King Crabs, and the extinct 
Pterygoti and Eurypteri, 

Sub-order I. Xiphosura (PcBcilopoda), — * Crustacea having 
the anterior segments welded together to form a broad convex 
buckler, upon the dorsal surface of which are placed the com- 
pound eyes and ocelli ; the former sub-centrally, the latter in 
the centre in front. The mouth is furnished with a small la- 
brum, a rudimentary metastoma and six pairs of appendages. 
Posterior segments of the body more or less free, and bearing 
upon their ventral surfaces a series of broad lamellar appen- 
dages; the telson, or terminal segment, ensiform.' — (Henry 
Woodward.) 

The Xiphosura include no other recent forms than the 
Limuli (King Crabs, or Molucca Crabs) (fig, 53). They are 
distinguished by the possession of six padrs of chelate limbs, 
placed round the mouth, having their bases spinous and officiating 
as jaws. Six other pairs of foliaceous appendages are attached 
to the abdomen, and the last five of these carry branchisB. 
The body, which is often of great size, when viewed from 
above e:diibits a division into three portions : — (1) An ante- 
rior semicircular shield, which carries two compound and two 
simple eyes; (2) a posterior, irregularly hexagonal shield 
which covers the abdomen ; and (3) a long, sword-like telson, 
articulated to the dorsal buckler, and giving the name to the 
sub-order. 

The chief features, therefore, which characterise the Limulus 

are as follows : — 1. The poasession of six pairs of appendages 

which are placed round the mouth, have their bases spinous, 

act as jaws, and have their free extremities developed into 

laws ; 2. The possession of six abdominal pairs of appendages, 
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expanded for Bwiinming, and carrying the gills ; 3. The poeaes- 
sion of a semicircnlar buckler, coTering the cephalotliorax, and 
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carrying the eyes npon its upper sar&ce; 4, The possession 
of a second bnokler, or 'opercnlum,' covering the abdomen ; 
5. The presence of a long, sword-shaped telson, or tail-spine^ 
articulated to the dorsal shield. 

The larval Limuhia does not possess the ensifonn post-anal 
spine of the adnlt. 

Sob-Oedbb 2. EDBTPTBRroA. — ' Craatacea with nnmeroM, free, 
thoracico-ftbdominal segments, the first and second (?) of which 
beaj" one or more broad lamellar appendages npon their ventral 
sarface, the remaining segmentB being devoid of appendages ; 
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anterior rings are united into a carapace, bearing a pair of 
larval eyes (ocelli) near the centre, and a pair of large, mar- 
ginal, or sub-central eyes ; the mouth famished with a broad 
post-oral plate, or metastoma^ and five pairs of movable appen- 
dages, the posterior of which form great swimming feet ; the 
telson, or terminal segment, extremely variable in form ; the 
integument characteristically sculptured.' — (Henry Wood- 
ward.) 

The Eurypterida are all extinct, and are entirely confined to 
the Palaeozoic period. Many of them attained to a compara- 
tively gigantic size ; PterygotusAnglicus (fig, 54) being supposed 
to have reached a length of probably six feet. In their cha- 
racters they present many larval features; resembling the 
larv89 of the Becapoda, especially in the fact that all the free 
somites (except the two anterior ones) were totally devoid of 
appendages. 



CHAPTER XXXIV. 

MALAC08TRACA. 



Sub-glass IV. Malacostraca. — The Gmstacea of this sub-class 
are distinguished by the possession of a generally tZe^m^e number 
of body-segments ; seven somites going to make up the thorax, 
and an equal number entering into the composition of the 
abdomen (counting, that is, the telson as a somite). The Mala^ 
cosi/raca are divideiinto two primary divisions, termed respec- 
tively the Edriojphthalmata and the Podojphthalmata, according 
as the eyes are sessile, or are supported upon eye-stalks. 

Division A. Edbiophthalmata. — ^This division comprises those 
Malacostraca in which the eyes are sessile, and the body is not 
protected by a carapace. It comprises the three orders, Lcemo- 
dipoda^ Isopoda^ and Amphipoda, 

Order I. L^modipoda.: — The Loemodipoda are small Crusta- 
ceans, which are distinguished amongst the Ed/riophthalmata 
by the rudimentary condition of the abdomen. The first 
thoracic segment is amalgamated with the head, and the limbs . 
of this segment appear to be inserted beneath the head, or, as it 
were, beneath the throat ; hence the name given to the order. 
The respiratory organs are in the form of two or three pairs of 
membranous vesicles attached to the segments of the thorax, 
or to the bases of the legs. The LoBmodipoda do not swim, 
and one section of the order comprises parasitic Crustaceans, 
of which the Whale-louse {Cijamus Geti) is the most familiar. 
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Obdbb n. AMPHrpODA. — The tnembers of this order resemble 
those of the preceding in the nature of the respiratory organs, 
which consist of membraQona veaicles attached to the bases of 
the thorado limbs. The first thoracic segment, however, is dis- 
tinct &om the head, and the abdomen is welt developed, and is 
(Ximposed of seven segments. There are seven pairs of thoracic 
limbs, directed partly forwards, and partly backwards, the 
nuue of the order being derived &om tnia circumstance. 




Fig. £>fi.— AmphLpodo. The Buid.hoppflr, Thli/rut loauta, mlargod- 

All the Amphipoda are small, the 'Sand-hopper' (TalUnu 
loeusta, fig. 55) and the 'iresh-water Shrimp' (Gammarvt 
ptdex) being two of the commonest forms. 

Obdbb III. IsoFODA. — In this order the head ia always distinct 
fromthesegment bearing the first pair of feet. The respiratory' 
oi^us are not thoracic, as in the two preceding orders, bnt are 
attoched to the inferior surface of the abdomen, and consist of 
branchiffi, which in the terrestrial species are protected by 
plates which fold over them. The thorax is composed of seven 
segments, bearing seven pairs of limbs, which, in the females,- 
have marginal plates, attached to their bases, and serving to 
protect the ova. The number of segments in the abdomen 
varies, bnt is never more than seven. The eyes are two in 
number, formed of a collection of simple eyes, or sometimes 
truly compound. Of the members of this order, many are 
aquatic in their habits, and are often parasitic, bnt others are 
t^restrial. 

By Milne-Edwards theho^oda are divided into three sections, 
termed respectively &om their habits, the Natatorial, Sedentary, 
and GvirsoriaX Isopods. In the Natatorial leopoda the extremity 
of the abdomen and the last pair of abdominal legs are ex- 
panded so as to form a swimming tail. Some of this section 
k are parasitic apon various fishes (.Cytnothoa), whilst others are 
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fbnnd in the sea (Sphceromd), In the Sedentary Isopoda the 
animals are all parasitic, with short, incurved, hooked feet. 
This section includes the single family of the Bopyridoe, all the 
species of which live parasitically either in the gill-chambers, 
or attached to the ventral surface, of certain of the Decapod , 
Crustacea, such as the Shrimps (Gram^gones) and the Paloemones, 

The Cursorial, or running, Isopods mostly live upon the land, 
and are, therefore, destitute of swimming feet. The most fa- 
miliar examples of this section are the common Wood-lice 
{Oniscics). Here, also, belongs the little Limnoria terehra/ns^ 
so well known for the destruction which it produces by boring 
into the wood- work of piers and other structures placed in 
the sea. 

Division B. Podophthalmata. — The members of this division 
have compound eyes supported upon movable stalks or pedun- 
cles, and the body is always protected by a cephalothoracic 
carapace. It comprises the two orders Stomapoda and Deca^ 
poda, of which the latter includes all the highest and most 
familiar examples of the class Crustacea. 

Oeder I. Stomapoda. — In this order there are generally from 
six to eight pairs of legs, and the branohisB, when present, are 
not enclosed in a cavity beneath the thorax, but are either 
suspended beneath the abdomen, or, more rarely, are attached 
to the thoracic legs. The shell, also, is thin, and often mem- 
branous. From all the preceding orders the Stomapoda are, of 
course, distinguished by the possession of pedunculate eyes. 

All the Stomapods are marine, and Squilla mantis may be 
taken as a good example of the order. In this Crustacean the 
carapace is small, and the posterior half of the thorax is un- 
protected. Several of the anterior appendages are developed 
into powerfully prehensile and hooked feet. The branchisB are 
attached to the first five pairs of abdominal feet. The three 
posterior thoracic and the abdominal appendages are in the form 
of *swimmerets,' and the tail is expanded into a powerful fin. 

Obder II. Decapoda. — The members of this order are the 
most highly organised of all the Crustacea, as well as being those 
which are most familiarly known, the Lobsters, Crabs, Shrimps, 
&c. being comprised under this head. For the most part they 
are aquatic in their habits, and they are usually protected by 
strong, resisting shells. There is always a compHcated set 
of *gnathites,' or appendages modified for masticatory pur- 
poses, surrounding the mouth. The ambulatory feet are made 
up of five pairs of legs (hence the name of the order), the first 
pair — and often some other pairs behind this — being ' chelate,' 
or having their extremities developed into nipping claws. The 
branchisB are pyramidal, and are contained in cavities at the 
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sides of the thorax. The carapace is large, covering the head 
and thorax and the anterior part of the abdomen. 

The Decapoda are divided into three tribes, termed respec- 
tively the Macrwra^ Anomura and Brachyura^ and characterised 
by the nature of the abdomen. 

Tribe A. Macrura. — The * long-tailed ' Decapods included 
in this tribe are distinguished by the possession of a well 
developed abdomen, often longer than the cephalothorax, the 
posterior extremity of which forms a powerfal natatory organ 
or caudal fin. This section comprises the Lobster, Cray-fish, 
Shrimp, Prawn, <fec., of which the Lobster may be taken as 
the type. 

Li the Lobster (Jig, 49) the somites of the head and thorax 
are amalgamated into a single mass, the ' cephalothorax,* 
covered by a carapace or shield, which is developed from ' the 
lateral or epimeral elements of the fourth cephalic ring, which 
meet along the back, and give way preparatory to the moult. 
The tergal elements of the thoracic rings are not developed in 
either Crabs or Lobsters ; when these rings are exposed by 
lifting up the cephalothoracic shield, the epimeral parts alone 
are seen, converging obliquely towards one another, but not 
joined at their apices.' — (Owen.) 

The first segment of the head bears the compound eyes, 
which are supported upon long and movable eye-stalks or 
peduncles. Behind these come two pairs of jointed tactile 
organs, the larger called the ' great antennsB,' the smaller the 

* antennules.' The mouth is situated on the under surface of 
the front of the head, and is provided from before backwards 
with an upper lip ('labrum'), two 'mandibles,' two pairs of 

* maxillae,' three pairs of * maxiUipedes ' or ' foot-jaws,' and a 
bifid lower lip, or * metastoma.' The five remaining segments 
of the thorax carry the five pairs of ambulatory legs, of which 
the first constitute the great claws, or * chelsB ; ' the next two 
pairs are also chelate, though much smaller, and the last two 
pairs are terminated by simply pointed extremities. The seg- 
ments of the abdomen carry each a pair of natatory limbs, or 

* swimmerets,' the last pair being greatly expanded, and con- 
stituting, with the ' telson,' a powerfdl caudal fin. Most pos- 
teriorly of all is the post-anal plate, or * telson,' which may be 
looked upon either as an azygos appendage, or as a terminal 
segment, which has no lateral appendages. • ^ 

The mouth leads by a short oesophagus into a globose 
stomach, in the cardiac portion of which is a calcareous appa- 
ratus for triturating the food, which is commonly called the 

* lady in the lobster.' The intestine is continued backwards 
&roin the stomach without convolutions, and the anal aperture 
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is situated just in front of the telson. There is, also, a well 
developed liver, consisting of two lobes, which open by separate 
ducts into the intestine. 

The heart is situated dorsally, and consists of a single con- 
tractile sac, which opens by valvular apertures into a sur- 
rounding venous sinus, inappropriately called the * pericardium,' 
The heart is filled with oxygenated blood derived from the 
gills, and propels the aerated blood through every part of the 
body. The gills are pyramidal bodies attached to the bases of 
the legs, and protected by the sides of the carapace. They 
consist each of a central stem supporting numerous lamineB, 
and they are richly supplied with blood, but are not ciliated. 
The water which occupies the gill-chambers is renovated partly 
by the movements of the legs, and partly by the expanded 
epipodite of the second pair of maxillae, which constantly 
spoons out the water from the front of the branchial chamber, 
and thus causes an entry of fresh water by the posterior aper- 
ture of the cavity. 

The nervous system is of the normal ' homogangliate ' type, 
consisting of a longitudinal series of ganglia of different sizes, 
united by commissural cords, and placed along the ventral 
surface of the body. The organs of sense consist of the two 
compound eyes, the two pairs of antennae, and two auditory 
sacs. 

The sexes are invariably distinct, and the generative pro- 
ducts are conveyed to the exterior by efferent ducts, which 
open at the base of one of the pairs of thoracic legs. The 
ovum is 'meroblastic,' a portion only of the vitellus undergoing 
segmentation. The neural side of the body, that is to say, the 
ventral surface, appears on the surface of the ovum, so that 
the embryo is built up from below, and the umbilicus is situated 
posteriorly. 

Tribe B, Anomura, — The Decapods which belong to this 
tribe are distinguished by the condition of the abdomen, 
which is neither so well developed as in the Macrura^ nor so 
rudimentary as in Crabs. Further, the abdomen does not 
terminate posteriorly in a caudal fin, as in the Lobster. 

The most familiar of the Anomura are the Hermit-crabs 
(Paguridce), In the common Hermit-crab (Fagurvs Bern- 
hardus) the abdomen is quite soft, and is merely enclosed in a 
membrane, so that the animal is compelled to protect itself by 
adopting the empty shell of some Mollusc, such as the common 
Whelk, which it changes at will, when too small. The Hermit 
is provided with a terminal caudal sucker, and with two or 
three pairs of rudimentary feet developed upon the abdomen, 
by means of which he retains his position within his borrowed 
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dwelling. The carapace is not strong, but tbe claws ore well 
developed, one being always larger tfaan the other. 

Tbibe C. Brachyuei.— The 'short-tailed' Decapods, or 
Crabs, are distingnished from the two preceding tribes by the 
rodimentary condition of the abdomen, which is very ^ort, 
and is tucked up beneaUi the cephalotborax, the latter being 
disproportionately large. The eitremity of the abdomen is 
not provided with any appendage, and it is merely employed 
by tbe female to carry the ova. The Crabs (Jig. 56) are mostly 
fiimished with ambulatory limbs, and are not formed for 
swimming, most of them being littoral in their habits, and 
some few even living inland. 




Fig. SB.— Bncbyim. The Spin; Bptder-Crsb {ilaia •^■nado). 

la all the essential points of their anatomy the Crabs do not 
differ from the Lobsto* and the other Macrura \ but they are 
decidedly higher in their oi^anisation. This is especially seen 
in the disposition of the nervous system, the ventral ganglia 
in the Crab being concentrated into a single lai^ ganghon, 
from which nervous filaments are sent to aU parte of ^e body. 
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Reproductioii in the Crabs is the same as in the Macrnra^ 
but the larva is exceedingly unlike the adult, and approximates 
closely to the type of the Macrura, another proof that the 
Brachyura stand higher in the Crustacean scale. The larval 
Crab was originally described as a distinct animal, under the 
name of Zoea, presenting in this condition a long and well 
developed abdomen* 



CHAPTER XXXV. 

DISTRIBUTION OF THE CRUSTACEA, 

Distribution of Crustacea m Space. — The following general 
principles have been laid down by Milne-Edwards with regard 
to the geographical distribution of the Crustacea : — 

1. The differiBnt forms and modes of organisation of the 
Crustacea are more varied and numerous, in proportion as we 
pass from the Polar Regions towards the Equator. 

2. The number of different species is not only greater, but 
the number of types is greater in warm regions as compared 
with cold. 

3. The higher Crustacea are either entirely wanting or are 
sparingly represented in the colder regions of the globe, but 
increase rapidly in relative numbers as the Equator is ap- 
proached. 

4. The size attained by the Crustacea is greater on the 
average in warm regions than in colder climates. 

5. The special points of structure which are characteristic 
of the different groups of Crustacea are more strongly manifested 
in the warmer regions of the globe. 

6. There exists a decided relation between the temperature 
of any given region and the character of its Crustacean fauna ; 
similar generic forms being usually found occupying regions of 
the same clrmatal character. 

Distribution op Crustacea in Time. — The class Crustacea is 
largely represented in past time, ranging from the Cambrian 
Rocks up to the present day. The oldest families of the 
Crustacea are the Trilohita and the Eurypterida, both of which 
are exclusively Palaeozoic, and died out at the close of the 
Carboniferous epoch. It is worthy of notice how larval are 
the characters of- these ancient groups when compared with 
their modem successors. Of the remaining orders the Cirru 
pedia, Ostracoda and Phyllopoda are the three which are most 
largely represented. 

o2 
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1. Cirripedia. — The Cirripedes are hardly known as Palseo- 
zoic fossils, but valves of a singular member of this order 
(Turrilepas) have been found in the Silurian Rocks of Scotland. 
With this exception, the Cirripedes are entirely confined in 
past time to the Secondary and Tertiary epochs. The Bald- 
nidce are the most common, commencing, as far as is yet 
known, in the Eocene period, and attaining their maximum in 
recent seas. The Verrucidce commence in the Chalk, and the 
Lepadidce begin still lower, in the Jurassic Rocks, and attain 
their maximum of development in the Cretaceous epoch. 

2. Ostracoda. — Small Ostracode Crustacea are extremely 
abundant as fossils in many formations, and extend from the 
Lower Silurian period up to the present day. 

3. Phyllopoda, — Remains of Crustaceans supposed to belong 
to this order are found in the Palasozoic Rocks. Hymenocaris 
is found in the Upper Cambrian, Caryocaris in the Lower 
Silurian, Ceratiocaris in the Upper Silurian, and Dithyrocaris 
in the Carboniferous Limestone. All these forms, with other 
similar ones, are believed to be most closely allied to the recent 
Aptcs and Nehalia. 

4. Trilohita. — The Trilobites are exclusively PalsBOzoic 
fossils. In the Upper Cambrian Rocks — the so-called ' pri- 
mordial zone ' — there occurs a singular group of Trilobites — 
the so-called primordial Trilobites — distinguished by the pos- 
session of many larval characters. Li the Lower and Upper 
Silurian Rocks the Trilobites attain their maximum of deve- 
lopment. They are still well represented in the Devonian 
Rocks; but they die out completely before the close of the 
Carboniferous epoch, being represented in the Mountain Lime- 
stone by three genera only (Phillipsia, Brachymetopus and 
Crriffithides). 

5. Eurypterida. — These, like the last, aye entirely Palaeozoic, 
attaining their maximum in the Upper Silurian and Devonian 
formations, and dying out in the Carboniferous Rocks. 
Fterygoftts, Euryptenis, and Slimonia are the most character- 
istic genera. 

6. Xiphosura, — The genus Limulus commenced, as far as is 
yet known, in the Permian period, and has survived up to the 
present day. Its first appearance, therefore, was just at the 
close of the Palasozoic Epoch. The two remaining genera, 
which constitute with Limulus this sub-order (viz. BeUmirus 
and Prestwichia), are Palaeozoic, and are not known to occur 
out of the Carboniferous Rocks. 

7. Isopoda. — The earliest known Isopod is the Prosoponiscus 
of the Peimian Rocks. 
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8. Stomapoda. — This order is doubtftillj represented in the 
Carboniferous Rocks. 

9. Decapoda, — The Decapods are not known to have existed 
at all during the Palaeozoic period ; but they are well repre- 
sented, in all their three tribes, in the Secondary and Tertiary 
Epochs, attaining their maximum at the present day. The 
London Clay (Eocene) is especially rich in the remains of 
Macrura and Brachyura, 



CHAPTER XXXVI. 

ABACHNIDA. 



Class II. Arachnida. — The Arachmda — ^including the Spiders, 
Scorpions, Mites, &c. — ^possess almost all the essential cha- 
racters of the Onistacea, to which they are Very closely allied. 
Thus, the body is divided into a variable number of somites, 
some of which are always provided with articulated appen- 
dages. A pair of ganglia is primitively developed in each 
somite, and the neural system is placed ventrally. The heart, 
when present, is always situated on the opposite side of the 
alimentary canal to the chain of ganglia. The respiratory 
organs, however, whenever these are diflferentiated, are never 
in the form of branchieB as in the Grustacea^ but are in the form 
either of pulmonary vesicles or sacs, or of ramified tubes, 
formed by an involution of the integument, and fitted for 
breathing air directly. Further, there are never * more than 
four pairs of locomotive limbs, and the somites of the abdomen, 
even when these are well developed, are never provided with 
limbs ; * the reverse being the case amongst the Crtistacea. 
Lastly, ' in the higher Arachnida, as in the higher Crustacea, 
the body is composed of twenty somites, six of which are 
allotted to the head ; but, in the former class, one of the two 
normal pairs of antenneB is never developed, and the eyes are 
always sessile ; while, in the higher Crustacea, the eyes are 
mounted upon movable peduncles, and both pairs of antennsB 
are developed.' — (Huxley.) 

The head in the Arachnida is always amalgamated with the 
thorax, to form a ' cephalothorax ; ' the integument is usually 
chitinous, and the locomotive limbs are mostly similar in 
form to those of insects, and are usually terminated by two 
hooks. 

In many of the Arachnida the integument remains soft over 
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the entire body : in others, as in the majority of Spiders, the 
abdomen remains soft and flexible, whilst the cephalothorax is 
more or less hard and chitinous ; in the Scorpions, again, the in- 
tegument over the whole body forms a strong chitinous shell. 

The typical somite of the Arachnida is constituted upon 
exactly the same plan as that of the Crustacea, consisting 
essentially of a dorsal and ventral arc ; the former composed of 
a central piece, or * tergum,' and of two lateral pieces, or ' epi- 
mera ; ' whilst the latter is made up of a median ' sternum * 
and of two lateral ' episterna.' 

As regards the composition of the cephalothorax of Spiders, 
* the tergal elements of the coalesced segments are wanting, 
and the back of the thorax is protected by the elongation, 
convergence, and central confluence of the epimeral pieces ; the 
sternal elements have coalesced into the broad plate in the 
centre of the origins of the ambulatory legs, from which it is 
separated by the epistemal elements The non-develop- 
ment of the tergal elements explains the absence of wings.' — 
(Owen.) 

The mouth is situated, in all the Arachnida, in the anterior 
segment of the body, and is surrounded by suctorial or masti- 
catory appendages. In the higher Arachnida the mouth is 
provided from before backwards with the following appen- 
dages {fig, 57, 4) . 1. A pair of ' mandibles,' used for prehension. 
2. A pair of * maxilleB,' each of which is provided with a long 
jointed appendage, the ' maxillary palp.' 3. A lower lip, or 
' labium.' In the Scorpion an upper lip, or ' labrum,' is 
also present. 

In the Spiders {fig, 57) each mandible terminates in a 
sharp, movable hook, which possesses an aperture at its 
extremity communicating by a canal with a gland, which is 
placed in the preceding joint of the mandible, and secretes a 
poisonous fluid. The maxillary palps in the Spiders are long, 
jointed appendages, terminated in the females by pointed 
claws, but frequently swollen, and carrying a special sexual 
apparatus in the males. 

In the Scorpions {fig. 57, 1) the mandibles are short, and 
terminate in strong pincers, or ' chelicersB.' The maxillary 
palpi are, also, greatly developed, and constitute powerful 
grasping claws, or * chelse.' In the genus Galeodes, the 
mandibles, like those of the Scorpion, constitute ' cheHcereB,' 
though comparatively much larger and longer ; but the max- 
illary palps are not developed into ' cheleB.' 

With regard to antenneB, these organs, as such, do not exist 

in the Arachnida, It is generally beheved, however, that the 

1^ mandibles of the Arachnida are truly homologues, not of the 
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parts which bear the same name in the other Artkropoda, bat 
of the antemuB. The antennee, therefore, of the Spiders are 
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converted into prehensile and offeneive weapons; whilst in 
the Scorpions, as in the King Crabs, they are developed into 
nipping claws, or chelee. 

nx the lower Arachnida, the organs of the month, though 
essentially the same aa in the higher forms, are enveloped in a 
sheath, formed by the labinm and maxiUte, whilst the man- 
dibles are often joined together so as to oonstitnte a species of 
lancet. 

The mouth opens into a pharynx, which is of remarkably 
small calibre in the true Spiders, all of which live simply on 
the juices of their prey. The intestinal canal is usnally short 
and straight, no convolutions intervening between the mouth 
and the apertnre of the anus. Salivary glands are also present. 
as well as ramified tubes, supposed to perform the functions of 
a kidney, and to correspond to the ' Malpighian vessels ' of 
Insects. 

The circulation in the Arachnida is maintained by a domal 
heart, which is situat«d above the alimentary canal. Usually 
ttie heart is greatly elongated, and resembles the 'dorsal 
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vessel' of the Liseda. All the Arachnida breathe the air 
directly, and the respiratory ftinctioii is performed by the 
general surface of the body (as in the lowest members of the 
class), or by ramified ah*- tubes, termed *trache8B,' or by dis- 
tinct pulmonary chambers or sacs ; or, lastly, by a combination 
of trachcBB and pulmonary vesicles. The ' trachesB ' consist of 
ramified tubes, opening upon the surface of the body by dis- 
tinct apertures, called * stigmata,' and branching freely as 
they penetrate the tissues internally. The walls of the tube 
are prevented from collapsing by means of a chitinous fibre or 
filament, which is coiled up into a spiral, and is situated 
beneath their epithelial lining. The pulmonary sacs are 
simple involutions of the integument, abundantly supplied 
with blood ; the vascular surface thus formed being increased 
in area by the development of a number of close-set mem- 
branous lamelleB, or vascular plates, which project into the 
interior of the cavity. Like the tracheeB, the pulmonary sacs 
communicate with the exterior by minute apertures, or ' stig- 
mata ' {fig. 57, 3). 

The nervous system is of the normal articulate type, but is 
often much concentrated. In the Spiders there is a cephalic, 
or ' cerebral,' gangUon, a large thoracic ganglion, and in some 
instances a small abdominal ganglion. In none of the Aracli- 
nida are compound eyes present, and in none are the eyes sup- 
ported upon foot- stalks. The organs of vision, when present, 
are in the form of from two to eight simple eyes, or ' ocelli.' 

In all the Arachnida, with the exception of the Tardigrada, 
the sexes are distinct. 

The Arachnida may be divided into two great sections or 
sub-classes, viz. the Tracheana, in which respiration is effected 
by the general surface of the body, or by trachesB, and there 
are never more than four ocelli; and the PulmonaHa, in which 
respiration is effected by pulmonary sacs, either alone or com- 
bined with trachesB, and there are six or more eyes. 



CHAPTER XXXVII. 

DIVISIONS OF THE ARACHNIDA. 

Division A. Trachearia. — Respiration cutaneous, or hy trachecB. 
Eyes never more than four in number. 

The Trachearia comprise three orders, viz. the Podosomata, 
the Acarvna^ or Monomerosomata, and the AdeloHhrosomata. 
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Order I. Podosomata (Pantopoda), — The members of this 
order, sometimes called ' Sea-spiders,' have been placed alter- 
nately amongst the Arachnida and the Gmstdcea^ their trae 
position being rendered doubtful by the fact, that, though 
marine in their habits, they possess no differentiated respira- 
tory organs. They possess, however, no more than four pairs 
of legs, and would, therefore, appear to be properly referable 
to the Arachnida. Some of the order, such as Nymphon^ are 
found on the sea-coast beneath stones or upon marine plants ; 
whilst others, such as Pycnogonum, are believed to be parasitic 
npon fishes and other marine animals, though this is denied 
by some. The legs consist of four pairs, sometimes greatly 
exceeding the body in length, and sometimes containing C89cal 
prolongations of the digestive cavity for a portion of their 
length. The mouth is provided with a pair of ' chelicereB,' or 
chelate mandibles, and with two well developed maxillary 
palpi, behind which in the female are a pair of false legs 
which carry the ova. The abdomen is rudimentary. 
. Order II. Acarina, or Monomerosomata. — The members of 
this order possess an unsegmented abdomen which is fused 
with the cephalothorax into a single mass. Hespiration is 
-effected by trachesB. Most of the Acarina are parasitic, and 
the most familiar are the Mites and Ticks. 

Family 1. Linguatulina or Penta^tomida, — The members of 
this family are singular vermiform animals, found as parasites 
m the frontal sinuses and lungs of some Vertebrates. In their 
adult condition they possess no external organs except two 
pairs of hooks, representing limbs, placed near the mouth. 
They thus closely approximate to the Tceniada^ beside which 
they have been generally placed. In the young condition, 
however, they possess four articulated legs, and even in the 
adult state the characters of the nervous system are higher 
than those of the Scolecida, 

Family 2. Macrohiotidce (Tardigrada or Arctisca), — The 
* Sloth-' or * Bear-animalcules,' which^ compose this family, 
are microscopic animals, very much like Botifers, found in 
damp moss and in the gutters of houses. The nervous system 
consists of four ganglia, and there is a suctorial mouth, with 
rudimentary jaws or stilets. The abdomen is undeveloped, 
and there are four pairs of rudimentary legs. They exhibit 
no traces of either circulatory or respiratory organs. 
> Family 3. Acarida. — This family includes the Mites, Ticks, 
and Water-mites, some of which are parasitic, whilst others 
are free, and some are even aquatic in their habits. The mouth 
is formed for suction. 

In the true Acari (fig, 58), of which the Cheese-mite may 
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be taken u an ezunpte, there are four pura of legs, adapted 
for walking. In the Sarcoptes scabiei — the canse of the akin- 
dieease known ae the ' itch ' — 
the two anterior pairs of legs 
are provided with euckers, and 
the two posterior are termi- 
nated by briatlea; the month, 
also, is ftimished with briatlea. 
In the Ticks (Ixodes) the 
month is provided with a beak, 
or 'rostrum,' which enables 
them to pierce the skin, and 
retain their hold firmly. In 
the Sydraehnu)^ or Water- 
mites, the head is fiirnished 
' with two or fonr ocelli, and 
there are four pairs of hairy 
natatory legs. They are parasitic, during at least a portion of 
their existence, upon Water-beetles and other aquatic insects. 
They pass through a metamorphosis, the larva being hesapod, 
OP baring only three pairs of legs. 

Another member of the Acarina is the curious little Demodea 
foUiculorum, which is found in the aebaceoua foUicles of man, 
especially in the neighbonrhood of the nose. It is probable 
tlmt very few, if any, individoals are exempt from this harm- 
less parasite. 

Obdgk III. Adelarthrosomata. — ^The members of this order, 
comprising the Harvest Spiders, the Book-scorpions, &c. are 
distuigniahed from the preceding by the poaaeasion of an abdo- 
men, which is more or less distinctly segmented, but generally 
exhibits no line of separation from the cephalothoras, the two 
regions being of equal breadth and conjoined together. The 
month is furnished with masticatory appendages, and respira- 
tion is effected by tracheie, which open on the lower surface of 
the body Iw two or four stigmata. 

Family 1. PkalangiktE. — The well known 'Harvest-spiders' 
belong to tihis family. They are characterised by the great 
length of the legs, and by the filiform maxillary palpi, termi- 
nated by simple hooks. 

Family 2. Veeudo-tcorpiomdcB (Cheliferidte). — The 'Book. 
scorpion ' (Ghelifer) is a common little aninial in old books. 
It is distinguished by the fact that the maxillary palpi are of 
lai^ siae, and are converted into nipping-claws, or chelce, thns 
giving the animal the appearance of a Scorpion in miniature. 

Fa/mily 3. Solpugidm. — In this family the abdomen is not 
only veiy distinctly s^mented, but is also clearly separated 
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from the abdomen. The mandibles in Galeodes, which is the 
type of the grptip, are chelate, but the maxillary palpi consti- 
tute long feet. 

Division B. Pulmonaria, — Respiration hy pulmonary sacs 
alone, or hy pulmonary sacs conjoined vdth tracheoe. Eyes six 
or more m number. Abdomen usually distinct from the cejpha- 
lothorax. 

This division comprises the higher Arachnida, such as the 
Scorpions, and the majority of what are commonly known as 
Spiders ; the former constituting the order of the FedijpaVpi, 
the latter that of the Araneida or Dimerosomata, 

Obdeb I. Pedipalpi. — In this order are the true Scorpions, 
together with certain other animals which are in some respects 
intermediate between the Scorpions and the true Spiders. The 
members of this order are distinguished by the fact that the 
abdomen in all is distinctly segmented, but is not separated 
from the cephalothorax by a well marked constriction. They 
agree in this character with the Adelarthrosomata ; hence the 
two are sometimes united into a single order (Arthrogastrd), 
but they are separated by the nature of the respiratory organs, 
the latter breathing by taracheeB, and not by pulmonary sacs. 

Family 1. Scorpionidce, — The Scorpions are amongst the best 
known of the Arachnida, as well as being amongst the largest. 
They are distinguished by their long, distinctly segmented ab- 
domen, terminating in a hooked claw {fig, 57, 2). This claw, 
which is really a modified ' telson,' is the chief ofiensive weapon 
of the Scorpion, and is perforated at its point by the duct of a 
poison-gland which is situated at its base. The abdomen is 
composed of twelve somites, but there is no evident line of de- 
marcation between this region and the cephalothorax. The 
thoracic segments carry four pairs of ambulatory feet. The 
maxillary palpi are greatly developed, and constitute strong 
nipping claws, or 'cheleB* {fig, 57, 1). The mandibles (an- 
tenuBB) also form claws, or * chelicersB.' The respiratory organs 
are in the form of pulmonary sacs, four on each side, opening 
upon the under surface of the abdomen by as many stigmata, 
each of which is surrounded by a raised margin, or ' peritrema' 
{fig, 57, 3). 

The Scorpions are mostly inhabitants of warm regions, and 
their sting, though much exaggerated, is of a very severe 
nature. 

Fa/mily 2. Thelyphonidas. — The members of this family in 
external appearance closely resemble the true Spiders, from 
which they are separated by the possession of a segmented 
abdomen and long, spinose palpi, and by the absence of spin- 
nerets. They are distinguished from the Scovptonidm, by the 



S04 MANUAL OF ZOOLOGY^ 

amalgamatioii of the head and thorax into a single mass, which 
is clearly separated from the abdomen by a sHght constriction, 
as well as by the fact that the maxillary palpi terminate in 
movable claws, instead of cheleB. Further, the extremity of 
the abdomen is not famished with a terminal hook, or ' sting.* 

Order II. Araneida, or Dimerosomata. — This order includes 
the true Spiders, which are characterised by the amalgamation 
of the cephaHc and thoracic segments into a single mass, and 
by the generally soft, unsegmented abdomen, attached to the 
cephalothorax by a constricted portion, or peduncle. Respi- 
ration is effected by pulmonary sacs usually in combination 
with tracheeB. (Hence the name Pulmotrachearia, sometimes 
applied to the order.) The number of the pulmonary sacs is 
smaller in the true Spiders than in the Scorpions, being either 
two or four, opening by as many stigmata upon the under sur- 
face of the abdomen. 

The head bears from six to eight simple eyes ; the mandible* 
are simply hooked, and are perforated by the duct of a gland 
which secretes a poisonous fluid ; and the maxillary palpi are 
never chelate. 

Spiders (fig, 59) are aU predaceous animals, and many of 
them possess the power of constructing webs for the capture 
of their prey or for lining their abodes. For the production of 
the web, Spiders are famished with a special gland situated at 
the extremity of the abdomen. The secretion of this gland is 
a viscid fluid which hardens rapidly on exposure to air, and 
which is cast into its proper, thread-like shape, by being passed 
through what are csClled the 'spinnerets.* These are little 
conical or cylindrical organs four or six in number, situated 
below the extremity of the abdomen. The excretory ducts of 
the gland open into the spinnerets, each of which has its 
apex perforated by a great number of minute tubes, through 
which the secretion of the gland has to pass before reaching 
the air. Many spiders, however, do not construct any web, 
unless it be for their own habitations, tut hunt their prey for 
themselves. 

As regards the reproductive process in the Spiders, it 
appears certain that the act of copulation, so to speak, is per- 
formed by the males by means of the maxillary palpi, the 
extremities of which are specially modified for this purpose. 
The testes are abdominal, but the semen appears to be stored 
up in the enlarged extremities of the maxillary palps, which 
thus perform the part of the vesiculas seminales. * The most 
careful observations, repeated by the most attentive and expe- 
rienced entomologists, have led to the conviction that the ova 
are fertilised by the alternate introduction into the vulva of 
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the appendages of the two palpi of the male. Treviranus's 
supposition that these acts are merely preliminary stimuli, has 




7ig. 59.— Araneida. Theridion riparium, male and female, enlarged. 

received no confirmation, and is rejected by Duges, Westwood, 
and Blackwall ; and with good reason, as the detection of the 
spermatozoa in the palpal vesicles has shown. , , . Duges 
offers the very probable suggestion that the male himself may 
apply the dilated cavities of the palpi to the abdominal aper- 
ture (of the testes), and receive from the vasa deferentia the 
fertilising fluid, preparatory to the union. . . Certain it is 
that an explanation of this singular condition of the male ap- 
paratus, in which the intromittent organ is transferred to the 
remote and out-stretched palp, is afforded by the insatiable 
proneness to slay and devour in the females of these most 
predaceous of articulated animals.' — (Owen.) 

The Spiders are oviparous, and the young pass through no 
metamorphosis ; but they cast their skins, or moult, repeatedly, 
before they attain the size of the adult. 

Distribution op Abachnida in Time. — The Arachmda are 
only very rarely found in a fossil condition. As far as is yet 
known, both the Scorpions and the true Spiders appear to 
have their commencement in the Carboniferous Epoch, the 
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former being represented by the celebrated Gyclophthahrms se- 
mor from the Coal-measures of Bohemia. Spiders are, also, 
known to occur in the Jurassic Bocks (Solenhofen Slates) 
and in the Tertiary period. 



CHAPTER XXXVin. 
AfYRIAPODA, 

Class III. Myriapoda. — The Myriapoda are defined as articu* 
late animals in which the head is distinct^ and the remainder of 

the body is divided into nea/rly similar seg- 

ments, the thorax exhibiting no clear line of 

demarcation from the abdomen. There is one 

pair of antennoR^ and the number of the legs 

is indefinite. Respiration is by trachece. 

_ In this class — comprising the Centipedes 

"^sjt^ (fig* 60) and the Millipedes — the integu- 

>w^ !i ]^/, ment is chitinous, the body is divided into 

a number of somites provided with articu- 
lated appendages, and the nervous and 
circulatory organs are constructed upon 
a plan similar to what we have seen in 
Crustacea and Arachnida. The head is in- 
variably distinct, and there is no marked 
line of demarcation between the segments 
of the thorax and those of the abdomen. 
The body always consists of more than 
twenty somites, and those which corre- 
Pig. 60.— Centipede (&o- sDond to the abdomen in the Arachnida and 

lopendra) reduced. -f , •• 'j j •j.-l i x* 

Insecta are always provided with locomotive 
limbs. ' The head consists of at least five, and probably of 
six, coalescent and modified somites, and some of the anterior 
segments of the body are, in many genera, coalescent, and 
have their appendages specially modified to subserve prehen- 
sion.' — (Huxley.) 

The respiratory organs agree with those of the Insecta and 
of many of the Arachnida in being * tracheeB,' that is to say, 
ramified tubes, which open upon the surfetce of the body by 
minute apertures, or * stigmata,' and the walls of which are 
strengthened by a spirally coiled filament of chitine. 

The somites, with the exception of the head and the last 
abdominal segment, are usually undistinguishable from one 
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another, and eacli bears a single pair of limbs. In some cases, 
however, each segment appears to be provided with two pairs 
of appendages. This is really dne to the coalescence of the 
somites in pairs, each apparent segment being in reality com- 
posed of two amalgamated somites. This is shown, not only 
by the bigeminal limbs, but also by the arrangement of the 
stigmata, which in the normal forms occnr on every alternate 
ring only, whereas in these aberrant forms they are found 
upon every ring. 

The head always bears a pair of jointed antennae, resembling 
those of many Insects, and behind the antennee there is gene- 
rally a variable number of simple eyes. 

The young, in some cases, on escaping from the egg^ possess 
nearly all the characters of the parents, except that the number 
of somites, and consequently of limbs, is always less, and 
increases at every change of skin (* moult ' or ' ecdysis '). 
In other cases, there is a species of metamorphosis, the embryo 
being at first either devoid of locomotive appendages, or pos- 
sessed of no more than three pairs of legs, thus resembling 
the true hexapod Insects. In these cases the number of legs 
proper to the adult is not obtained until after several moults, 
the entire process being stated to occupy in some species as 
much as two years, before maturity is reached. 

The Myriapoda are divided into two orders, viz. the Ghilo» 
poda and the Ghilognatha, 

Order I. Chilopoda. — This order comprises the well-known 
Centipedes and their allies, and is characterised by the number 
of legs being rarely indefinitely great (usually from 15 to 20 
pairs), by the composition of the antennee out of not less than 
14 joints (14 to 40 or more), and by the structure of the 
masticating organs. These consist of a pair of mandibles with 
small palpi, a labium, and two pairs of * maxillipedes,' or foot- 
jaws, of which the second is hooked, and is perforated for the 
discharge of a poisonous fluid. There is not more than one 
pair of legs to each somite, and the last two limbs are often 
directed backwards in the axis of the body, so as to form a 
kind of tail. 

Scolopendra (fig. 60), Litliohius, and GeopliUus are common 
European genera of this order. The ordinary Centipedes of 
this country are perfectly harmless, but those of tropical 
regions sometimes attain a length of afoot, or more, and these 
are capable of inflicting very severe, and even dangerous, 
bites. 

Order II. Chilognatha. — This order comprises the Milli- 
pedes (JulidcB) and the Gallyworms (JPohjdesmus). The order 
is characterised by the great number of legS| each segment — 
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except tlie anterior ones — ^bearing two pairs ; by the composi- 
tion of the antennsB out of six or seven joints ; and by the 
structure of the masticating organs, which consist of a pair of 
mandibles without palps, covered by a lower lip, composed of 
the confluent maxillae. 

In the common Millipede (lulus) the body is composed of 
from forty to fifty segments, each of which bears two pairs of 
minute, thread-like legs. The luli of this country are of small 
size, but an American species attains a length of more than 
half a foot. 

Distribution op Mtrupoda in Time. — About twenty species 
of Myriapoda are known as fossils, the oldest example of the 
order having been found in the Carboniferous Epoch. From 
rocks of this age several species of Chilognathous Myriapods 
have been discovered. They belong to the genera Xylohius 
and Archivlus, and have been placed in a special family under 
the name of Archvulidce, The occurrence of air-breathing arti- 
culate animals (both Arachnida and Myriapoda) in the Carbo- 
niferous period is noticeable, as being cotemporaneous with 
the earliest known terrestrial Molluscs. 



CHAPTER 

1N8ECTA, 

GENERAL CHARACTERS OF THE INSECTA, 

Class FV. Insecta. — The Insecta are defined as articulate 
animals in which the head, thorax, and abdomen are distinct ; 
there are three pairs of legs home on the thorax; the abdomen 
is destitute of legs ; a single pair of antennae is present ; mostly ^ 
there are two pairs of vdngs on the thorax. Respiration is 
effected by trachece. 

In the Insecta the body is divided into a variable number of 
definite segments, or somites, some of which are farnished 
with jointed appendages, and the nervous and circulatory 
systems are constructed upon essentially the same plan as in 
the Crustacea, Arachnida and Myriapoda. The head, thorax, 
and abdomen are distinct (fig, 61), and the total number of 
somites in the body never exceeds twenty. * Of these, Bve 
certainly, and six probably, constitute the head, which pos- 
sesses a pair of antennae, a pair of mandibles, and two pairs of 
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masdlke, the hinder pair of which are coalescent, and form the 
" labium.*' Three, or perhaps, in some cases, more, somites 
tinite and become specially modified to form the thorax, to 
which the three pairs of locomotive limbs, characteristic of 
perfect Insects, are attached. Two additional pairs of loco- 
motive organs, the wings, are developed, in most insects, 
from the tergal walls of the second and third thoracic somites. 
No locomotive limbs are ever developed from the abdomen of 




Fig. 61.— Diagram of Insect, a. Head, carryiog the eyes and antennae; b, 
Prothorax, carrying the first pair of l^;s ; c. Mesothorax, carrying the 
second pair of legs and first pair of wings ; d. Mctathorax, with the third 
pair of legs and the second pair of wings ; e. Abdomen, without limbs, bat 
having terminal appendages subservient to reproduction. 

the adult insect, but the ventral portions of Ihe abdominal 
somites, from the eighth backwards, are often metamorphosed 
into apparatuses ancillary to the generative function.' — 
(Huidey.) 

The integument of the Insecta, in the mature condition, is 
more or less hardened by the deposition of chitine, and usually 
forms a resisting exoskeleton, to which the muscles are at- 
tached. The segments of the head are amalgamated into a 
single piece, which bears a pair of jointed feelers, or antennao, 
a pair of eyes, usually compound, and the appendages of the 

VOL. h p 
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mouth. Tlie segments of tlie thorax are also amalgamated 
into a single piece ; bat this, nevertheless, admits of separation 
into its constituent three somites {fig. 61). These are termed 
respectively, from before backwards, the * prothorax,' * meso- 
thorax,' and ' metathorax,' and each bears a pair of jointed 
legs. In the great majority of Insects, the dorsal arches of 
the mesothorax and metathorax give origin, each, to a pair 
of wings. 

Each leg consists of from six to nine joints. The first of 
these, which is attached to the sternal surface of the thorax, is 
called the ' coxa,' and is succeeded by a short joint, termed 
the ' trochanter.' The trochanter is followed by a joint, often 
of large size, called the ' femur,' and this has aarticulated to it 
the ' tarsus,' which may be composed of from two to five joints. 

The wings of Insects are membranous, ' flattened vesicles, 
sustained by slender, but firm, hollow tubes, called "nervures," 
along which branches of the trachesB and channels of the cir- 
culation are continued.' — (Owen.) In the Coleoptera (Beetles) 
the anterior pair of wings become hardened by the deposition 
of chitine, so as to form two protective cases for the hinder 
membranous wings. In this condition the anterior wings are 
known as the ' elytra,' or * wing-cases.' In some of the 
Hemiptera this change only affects the inner portions of the 
anterior wings, the apices of which remain membranous, and 
to these the term ' hemelytra ' is applied. In the Diptera the 
posterior pair of wings are rudimentary, and are converted 
into two capitate filaments, called ' hal teres,' or ' balancers.' 
In the Strepsiptera the anterior pair of wings are rudimentary, 
and are converted into twisted filaments. 

The abdomen in Insects is normally composed of nine 
somites, which are usually more or less freely movable upon 
one another, and never carry locomotive limbs. The extremity 
of the abdomen is, however, not infrequently furnished with 
appendages, which are connected with the generative fanction, 
and not infrequently serve as offensive and defensive weapons. 
Of this nature are the ovipositors of Ichneumons and other 
Insects, and the sting of Bees and Wasps. In the Earwig 
{Forficula) these caudal appendages form a pair of forceps, 
whilst in many Insects they are in the form of bristles, by 
which powerful leaps can be effected, as is seen in the Spring. 
tails (Podurce), 

The organs about the mouth in Insects are collectively 
termed the ' trophi,' or ' instrumenta cibaria.' Two principal 
types require consideration, namely, the masticatory and the 
suctorial, both types being sometimes modified, and occasion- 
ally combined. 
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In the Maaticatory InsectrS, such as the Beetles (jig. 62, 1), 
the trophi csonsiet of the following parts, from before back- 
wards :■ — ■(!) An upper lip, or ' labrnm,' attached below the 
front of the head. (2) A pair of biting jaws, or 'mandibles.' 
(3) A pair of chewing jaws, or 'maxilla,' provided with one 
or more pairs of ' mariUary palpa,' or Bensory and tactile 
filaments. (4) A lower lip, or ' labium,' composed of a 
second ooalescent pair of maxillse, and also bearing a pair 
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of palpi, the ' labial palpa.' The lower or basal portion of 
the labium, is called the 'mentnm' or chin, whilst the upper 
portion is more flexible, and is termed the ' h'gnla.' The 
upper portion of the ligula is often developed into a kind of 
tongue, which is very distinct in some Insects, and is termed 
the ' lingua.' 

In the typical suctorial mouth, as seen in the Butterfiies 
(Jr-g. 62, 2), the following is the arrangement of parts. The 
labrnm and the mandibles are now quite rudimentary; the 
first pair of maxillie is greatly elongated, each maxilla forming 
a half-tube. These maxilhe adhei'e together by their inner 
surfeces, and thus form, a spiral ' trunk,' or ' antlia ' (inappro- 
priately called the ' proboscis '), by which the juices of flowers 
are sucked up. Each maxilla, besides the half-tube on one 
side, contains also a tube in its interior ; consequently on a 
transverse section the trunk is found really to consist of three 
canals, one in the interior of each mazUla, and the third formed 
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between them by tbeir apposition. To the base of the trunk 
are attached the maxillary palpi, which 'are extremely small. 
Behind the trank is a small labium, composed of the united 
second pair of maxillsB. The ' labial palpi ' are greatly deve- 
loped, and form two hairy cushions, between which the trunk 
is coiled up, when not in use. 

In the Bee there exists an intermediate condition of parts, 
the mouth being fitted partly for biting and partly for suction. 
The labrum and mandibles are well developed, and retain their 
usual form. The maxillae and the labium are greatly elon- 
gated ; the former being apposed to the lengthened tongue in 
such a manner, as to form a tubular trunk, which cannot be 
rolled up, as in the Butterflies, but is capable of efl&cient suc- 
tion. The labial palpi are, also, greatly elongated. 

In the Hemiptera, the ' trophi ' consist of four lancet-shaped 
needles, which are the modified mandibles and maxillae, enclosed 
in a tubular sheath, formed by the elongated labium (jig. 62, 3). 
Lastly, in the Dlptera — as in the common House-fly — there is 
an elongated labium, which is channelled on its upper surface 
for the reception of the mandibles and maxillsB, these being 
modified into bristles or lancets. 

The mouth in the Masticating Insects leads by a pharynx 
and oesophagus into a membranous, usually folded, stomach 
— ^the *crop,* or 'ingluvies' — from which the food is trans- 
mitted to a second muscular stomach, called the 'gizzard.' 
The gizzard is adapted for crushing the food, often having 
plates or teeth of chitine developed in its walls, and is suc- 
ceeded by the true digestive cavity, called the 'chylific stomach' 
(ventriculus chylopoieticus) , From this an intestine of variable 
length proceeds, its terminal portion, or rectum, opening into 
a dilatation which is common to the ducts of the generative 
organs, and is termed the ' cloaca.' The oesophagus is usually 
furnished with salivary glands, and is provided in some of the 
Suctorial Insects with a dilatation, called the * sucking sto- 
mach.' Behind the pyloric aperture of the stomach are a 
variable number of csecal, convoluted tubes, which open into 
the intestine, and are called the 'Malpighian tubes.' These 
are usually looked upon as representing the liver, but are by 
some believed to have a renal function. If the Malpighian 
vessels truly perform the fanctions of a liver — as their position 
would appear to prove — then the kidneys will be represented 
by a series of csecal tubes which open into the rectum, close to 
the cloaca. There are no absorbent vessels, and the products 
of digestion simply transude through the walls of the alimen- 
tary canal into the sinuses, or irregular cavities, which exist 
between the abdominal organs. The apparatus of digestion 



annulosa: insecta. 213 






does not differ essentially from the above in any of the Insects, 
but the alimentary canal is, generally speaking, considerably 
lengthened in the herbivorous species. 

There is no definite and regular course of the circulation in 
the Insects. The propulsive organ of the circulation is a long 
contractile cavity, situated in the back and termed the ' dorsal 
vessel.' This is composed of a number of sacs, opening into 
one another by valvular apertures, which allow of a current in 
one direction only, viz. towards the head. The blood is col- 
lected from the irregular venous sinuses which are formed by 
the lacunaB and interstices between the tissues, and enters the 
dorsal vessel from behind ; it is then driven forwards, and is 
expelled at the anterior extremity of the body. 

Respiration is effected by means of ' trachesB,' or branched 
tubes, which commence at the surface of the body by lateral 
apertures, called * stigmata,' or * spiracles,' and ramify through 
every part of the animal. In structure the trachesB are mem- 
branous, but their walls are strengthened by a chitinous fila- 
ment, which is rolled up into a continuous spiral coil. The 
wings, also, whilst actmg as locomotive organs, doubtless 
subserve respiration. 

The nervous system in Insects, though often concentrated 
into special masses, consists essentially of a chain of ganglia, 
placed ventrally, and united together by a series of double 
cords or commissures. The cephalic, or ' prae-oesophageal,' gan- 
glia are of large size, and distribute filaments to the eyes and 
antennflB. The post-oesophageal ganglia are united to the pre- 
ceding by cords which form a collar round the gullet, and they 
supply the nerves to the mouth, whilst the next three ganglia 
furnish the nerves to the legs and wings. 

The organs, of sense are the eyes and antennse. The eyes 
in Insects are usually 'compound,' and are composed of a 
number of hexagonal lenses, united together, and each supplied 
with a separate nervous filament. Besides these, simple eyes 
— * ocelli,' or ' stemmata ' — are sometimes present, or, in rare 
cases, may be the sole organs of vision. In structure these 
resei»ble the single elements of the compound eyes. The ar- 
tennsB are movable, jointed filaments, attached usually close 
to the eyes, and varying much in shape in different Lisects. 
They doubtless discharge the fonctions of tactile organs, but 
are probably the organ of other more recondite senses in 
addition. 

The sexes in Insects are in different individuals, and most 
are oviparous. Generally speaking, the young insect is very 
different in external characters from the adult, and it requires 
to pass through a series of changes, which constitute the * meta- 
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morpliosis/ before attaining maturity. In some Insects, how- 
ever, there appears to be no metamorphosis, and in some the 
changes which take place are not so striking or so complete as 
in others. By the absence of metamorphosis or by the degree 
of its completeness, when present. Insects are divided into 
sections, called respectively Ametahola^ Hemvmetahola, and 
Holometahola, which, though not, perhaps, of a very high 
scientific value, are, nevertheless, very convenient in practice. 
Section 1. AmetaboUc Insects. — These pass through no meta- 
morphosis, and, also, in the mature condition, are destitute of 
wings. The young of these insects (Aptera) on escaping from 
the ovum resemble their parents in all respects except in size ; 
and though they may change their skins frequently, they 
undergo no alteration before reaching the perfect condition, 
except that they grow larger. 

Section 2. Hemimetabolic Insects. — In the insects belonging 
to this section there is a metamorphosis consisting of three 
stages. The young on escaping from the ovum is termed the 
* larva;' when it reaches its second stage it is called the 
*pupa,' or * nymph ;' and in its third stage, as a perfect insect, 
it is called the 'imago.' In the Hemimetahola the * larva,' 
though, of course, much smaller than the adult, or 'imago,' 
differs from it in little else except in the absence of wings. It 
is active and locomotive, and is generally very like the adult 
in external appearance. The 'pupa,' again, is a little larger 
than the larva, but really differs fix)m it in nothing else than 
in the fact that the rudiments of wings have now appeared, in 
the form of lobes enclosed in cases. The ' pupa ' is still active 
and locomotive, and the term 'nymph' is usually appHed 
to it. The pupa is converted into the perfect insect, or 
'imago,' by the liberation of the wings, no other change being 
requisite for this purpose. From the comparatively small 
amount of difference between these three stages, and from the 
active condition of the pupa, this kind of metamorphosis is 
said to be ' incomplete.' 

In some members of this section, however — such as the 
Dragon-flies — the larva and pupa are aquatic, wherea« the 
imago leads an aerial life. In these cases, there is necessarily 
a considerable difference between the larva and the adult ; but 
the larva and pupa are closely alike, and the latter is active. 

Section 3. Holometaholic Insects. — These — comprising the 
Butterflies, Moths, Beetles, &c. — pass through three stages 
which differ greatly ftxDm one another in appearance, the me- 
tamorphosis, therefore, being said to be ' complete.' In these 
insects (Jig. 68) the ' larva ' is vermiform, segmented, and 
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usually provided with locomotive feet, which do not corre- 
spond with those of the adult, though these latter are usually 
present as well. In some cases the larva is destitute of legs, 
or is 'apodal.' The larva is also provided with masticatory 
organs, and usually eats voraciously. In this stage of the meta- 
morphosis the larvsB constitute what are usually called ' cater- 
pillars ' and ' grubs.' Having remained in this condition for 
a longer or shorter length of time, and having undergone re- 
peated changes of skin, or 'moults,' necessitated by its rapid 
growth, the larva passes into the second stage, and becomes a 
'pupa.' The insect is now perfectly quiescent, unless touched 
or otherwise irritated, is incapable of changing its place, and 
is often attached to some foreign object. This constitutes what 
— in the case of the Lejpidoptera — is generally known as the 
* chrysalis,' or ' aureha.' The body of the pupa is usually co- 
vered by a chitinous pellicle, which closely invests the animal. 
In some cases the pupa is farther protected within the dried 
skin of the larva ; and in other cases the larva — immediately 
before entering upon the pupa-stage — spins, by means of spe- 
cial organs for the purpose, a protective case, which surrounds 
the chrysalis, and is termed the 'cocoon' (fig, 68). 

Having remained for a variable time in the quiescent pupa- 
stage, and having undergone the necessary development, the 
insect now frees itself from the envelope which obscured it, 
and appears as the perfect adult, or ' imago,' characterised by 
the possession of wings. 

Sexes of Insects. — The great majority of Insects, as is the 
case with most of the higher animals, consist of male and fe- 
male individuals ; but there occur some striking exceptions to 
this rule, as seen in the Social Insects. In those organised 
communities which are formed by Bees, Ants, and Termites, 
by far the greater number of the individuals which compose 
the colony are either undeveloped females, or are of no fully 
developed sex. This is the case with the workers amongst 
Bees, and the workers and soldiers amongst Ants and Termites. 
And these sterile individuals, or 'neuters,' as they are com- 
monly called, are not necessarily all alike in structure and 
external appearance. Amongst the Bees all the neuters re- 
semble one another, but amongst Ants and Termites they are 
often divided into ' castes,' which have different functions to 
perform in the general polity, and differ from one another 
greatly in their characters. 

In all the above-mentioned insects, the males are relieved 
from the performance of any of the duties of life, except that 
of propagating the species ; and the females — which are gene- 
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rally solitary in each community — ^ftilfil no other ftinction save 
that of laying eggs. All the other duties which are necessary 
for the existence of the community are performed by the 
workers, or neuters. 



CHAPTER XL. 

DIVISIONS OF mSECTA. 

The class Insecta includes such an enormous number of species, 
genera, and families, that it would be impossible to treat of 
these satisfactorily, otherwise than in a treatise especially 
devoted to Entomology. Here it will be sufl&cient to give 
simply the differential characters of the different orders, drawing 
attention occasionally to any of the more important points in 
connection with any given family. 

As already said, the Insecta are divided into three divisions, 
termed Ametdbolay Hernvmetahola, and Holoinetahola, according 
as they attain the adult condition without passing through a 
metamorphosis, or have an incomplete or complete metamor- 
phosis. The Insects which come under the first head (viz. 
Ametahola) are not furnished with wings in the adult condi- 
tion, and the three orders which compose this section are 
commonly grouped together under the name Ajptera. By some, 
however, this division is entirely rejected, and the three orders 
in question are placed amongst the Heminietabola, or even 
grouped with the Myriapoda, 

Sub-class I. Ametabola. — Young not passing through a 
metanwrpliosisy and differing from the ad/ult in size only. Imago 
destitute of wings ; eyes si/mple, someti/mes wanting. 

Order I. Anoplura. — ^Minute Aptera^ in which the mouth is 
formed for suction ; and there are two simple eyes, or none. 

This order comprises insects which are commonly parasitic 
upon man and other animals, and are known as Lice (Fediculi), 
The common Louse is furnished with a simple eye, or ocellus, 
on each side of a distinctly differentiated head, the under sur- 
face of which bears a suctorial mouth. There is little distinc- 
tion between the thorax and abdomen, but the segments of 
the former carry three pairs of legs. The young pass through 
no metamorphosis, and their multiplication is extremely 
rapid. 
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Obdek II, Mallophaqa. — Minute Apiera, in ■which the 
mouth is formed for biting, and ia foFnished with mandibles and 
maxilln. 

The members of this order are cemmonly known as ' Bird- 
lice,' being parasitic, soraetimea upon Mammals, but mostly 
upon. Birds. They strongly resenible the Pediculi, but the 
month ia formed for biting, to suit their mode of life ; since 
they do not live upon the juices of their hosts, but upon the 
more delicate te^m.entary append^es. 

Obser III. Thysancra. — Aptennts insects, nsually with » 
masticatory mouth, and having the extremity of the abdomen 
furnished with locomotiTe appendages. 

The nufflt familiar membfo's of this order are the Fodura, or 
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'Spring-tails' (Jig. 63), which are characterised by the pos- 
session of a forked caudal appendage, by the extension of 
which considerable leaps can be effected In the nearly allied 
LepisnuK locomotion is assisted by caudal bristles. In both, 
the body is covered with hairs or scales, the structure of the 
latter being often very beautiful 

Sob-class II. Hbmimbtabola — Metcmorplumt vneom^lete; 
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the larva differing fi'om the imago chiefl/y in tlie absence of wings, 
and in size; jmpa usually active, or, if quiescent, cajpdble of 
movement,* 





Pig. 64.— Hemiptera. Coccus Cacti, 
the Cochineal Insect ; the male 
is ¥rix^;ed, the female is wingless. 



Fig. 65. — Orthoptera. Ectobius Germanica^ 
one of the Cockroaches, male and 
female. 



Order FV. Hemiptera. — Mouth suctorial, beak-shaped, con- 
sisting of a jointed rostrum, composed of the elongated labium, 
which forms a ^heath for the bristle-shaped styHform man- 
dibles and maxillsd. Eyes compound, usually with ocelli as 
well. Two pairs of wings. 

The Hemijptera live upon the juices of plants or animals, 
which they are enabled to obtain by means of the suctorial 
rostrum. Amongst the more familiar examples of this order 
are the Plant-Hce (Ajphides), the Field-bug (Pentatoma), the 
Boat-fly (Notonecta), the Cochineal Insects (Cocci) (Jig. 64), 
and the Cicadas. The order is divided into the following two 
sub-orders : — 

Sub-order a, Homoptera, — The anterior pair of wings of 

the same texture throughout (membranous) ; the mouth 

turned backwards, so that the beak springs from the 

back of the head. 

Sub-order fe. Heteroptera. — Anterior wings membranous 

near their apices, but chitinous towards the base 

(hemelytra). The rostrum springing from the front of 

the head. 

Order V. Orthoptbra. — Mouth masticatory ; wings four ; 

the anterior pair smaller than the posterior, coriaceous or lea- 



* The CoccidcBf amongst the Hemijptera^ undergo a complete metamor- 
phosis. 
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ttery, and forming elytra; posterior pair of wings mem- 
branous, folded longitudinally like a fan. 

This order includes the Crickets (Achetina), Grasshoppers 
{Oryllina)y Locusts (Loeustina), Cockroaches (Blattina) (Jig, 
65), &c. Some of them are formed for running (cursorial), 
all the legs being nearly equal in size ; whilst in others the 
first pair of legs are greatly developed, and form powerful rap- 
torial organs, as in the Mantis, In others, again, as in the 
Grrasshoppers and Crickets, the hindmost pair of legs are 
greatly elongated, so as to give a considerable power of leaping 
to them. All the Ortlwptera are extremely voracious, and the 
ravages caused by locusts in hot countries are well known to 
all. • 

Order YI. Neuroptera. — ^Mouth usually masticatory ; wings 
four in number, all membranous, generally nearly equal in 
size, traversed by numerous, delicate nervures, having a longi- 
tudinal and transverse direction, and giving them a reticulated, 
lace-like aspect. Metamorphosis generally incomplete, rarely 
complete. 

This order includes the Dragon-flies (Lihellulidce), Caddis- 
flies (Phrygcmeidce), May-flies (Ephemeridce),* the Ant-lion 
(Myrmeleo), Termites, &c. The last of these, namely, the 
Termites or White Ants, are social, and live in communities, 
and their habits are so singular that a short description of them 
will not be out of place here. They are mostly inhabitants of 
hot countries, where they are commonly known as * White 
Ants,' but it must be borne in mind, that they have nothing to 
do with the insects commonly called Ants, which belong, in- 
deed, to a different order (Hymenoptera), The following 
account is taken from Mr. Bates's work on the Amazons, 
where there is an excellent description of the habits of these 
remarkable insects. 

Termites are small, soffc-bodied insects, which live in large 
communities, as do the true Ants. They differ, however, frorn. 
the Ants in the fact that the workers are individuals of no 
fully developed sex, whereas amongst the latter they are unde- 
veloped females. Further, the neuters of the Termites are 
always composed of two distinct classes or * castes:' — ^the 
workers and the soldiers. Lastly, the Ants undergo a quiescent 
pupa-stage, whereas the young Termites on their emergence 
from the egg do not differ from the adult in any respect 
except in size. 

* By Huxley the Dragon-flies {LibeUtdida), the May-flies (EphemeridtB), 
and the Termites are placed amongst the Orthoptera ; whilst the Caddis- 
Flies are placed in a separate order under the name of IHchoptera» 



I 
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Eacli species of Termites consists of several distinct orders, 
or castes, wliich live together, and constitute populous, orga- 
nised communities. They inhabit structures, known as * Ter- 
mitaria,' consisting of mounds or hillocks, some of which are 
' five feet high, and are formed of particles of earth, worked into 
a material as hard as stone.' The Termitarium has no external 
aperture for ingress or egress, as far as can be seen, the en- 
trance being placed at some distance, and connected with the 
central building by means of covered ways and galleries. Each 
Termitarium is composed of ' a vast number of chambers and 
irregular intercommunicating galleries, built up with particles 
of earth or vegetable matter, cemented together with the saliva 
of the insects.' Many of ' the very large hillocks are th^ work 
of many distinct species, each of which uses materials diffe- 
rently compacted, and keeps to its own portion of the 
tumulus.' 

A family of Termites consists of a king and queen, of the 
workers, and of the soldiers. The royal couple are the parents 
of the colony, and * are always kept together, closely guarded 
by a detachment of workers, in a large chamber in the very 
heart of the hive, surrounded by much stronger walls than the 
other cells. They are both wingless, and immensely larger 
than the workers and soldiers. The queen, when in her 
chamber, is always found in a gravid condition, her abdomen 
enormously distended with eggs, which as fast as they come 
forth, are conveyed by a relay of workers in their mouths from 
the royal chamber to the minor cells dispersed through the 
hive.' 

At the beginning of the rainy season a number of winged 
males and females are produced, which, when they arrive at 
maturity, leave the hive, and fly abroad. They then shed 
their wings (a special provision for this existing in a natural 
seam running across the root of the wing and dividing the 
nervures) ; they pair, and then become the kings and queens 
of future colonies. 

The workers and the soldiers are distinct from the moment 
of their emergence from the Qg^, and they do not acquire 
their special characteristics in consequence of any difference of 
food or treatment. Both are wingless, and they differ solely 
in the armature of the head. The duties of the workers are to 
* build, make covered roads, nurse the young brood from the 
Qgg upwards, take care of the king and queen, who are the 
progenitors of the whole colony, and secure the exit of the 
males and females, when they acquire wings, and fly out to 
pair and disseminate the race.' The duties of the soldiers are 
to defend the community from all attacks which may be made 
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npos its pe&ce, for which pnrpoee the mandibles are greatlj' 
developed. 

It may well be admitted, that in such organised commimities 
as those of the Termites, we have the highest development of 
Insect-life jet known to us. The principle of the division of 
labour is carried ont to its fixUest eitent — much fiirther, 
indeed, than is possible amongst hnman beings — since the 
perfection of the greater nnmber of the individuals which 
compose the community — aa orgajiisms — is sacrificed in order 
to secure the hlfilmeat of the duties which ere necessaiy for 
the existence and welfare of the whole. Even the task of per- 
petnating the species emd of giving origin to fresh colonies is 
entirely left to one class of the community, the defence and 
protection of which ia the special object and care of the re- 
mainder. No higher development could well be imagined 
amongst creatures devoid of the higher psychical endowments, 
and it is worthy of note that at least three distinct and inde- 
pendent families of Insects have attained to this sbige, namely, 
the Termites, the Bees, and the true Ants. 

Sub-class III. Holometabola. — Metamorphoeig complete ; the 
larva, pupa, and imago differing greatly from one another in 
esctemal appearance. The larva vermiform, and the pupa 
quiescent. 

OaoEH VII. Aphaniptera. — Wings rudimentary, in the form 
of plates, situated on the mesothorax and metatborax. Month 
snctoriaL Metamorphosia complete. 

This order comprises the Fleas (Pidieidi^B), most of which 
are parasitic upon different animEds. The larva of the com- 
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mon Flea is an apodal grub, which in ahont twelve days spins 
a cocoon for itself, and becomes a quiescent pnpa, from which 
the imt^o emerges in about a fortnight more. 

Obdeb VIII. Diptbea.— The anterior pa4r of wings alone 
d ; the posterior pair of wings rudimentary, repre- 
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Bented hy & pair of clubbed filamenta, called 'balteres,' or 
' balancers.' Mouth, suctorial. 

The Dvptera constitute one of the largest of the orders of the 
I^aecta; the House-flies (Musca), Gnats (fiulex), Porest-flies 
(Sippoboeca), and Gad-flies (^Tabanida, fig. 66), constitutm^ 
good ezamplea. 

Order IX. Lepiiiopteba. — ^Mouth sactorial, consiBting of a 
spiral trunk or ' ontlia,' composed of the greatly elongated 
mazillte, protected, when not in use, by the cushion- shaped, 
haiiy labial palpi. Labrnm and mandibles rudimentary. Wings 
four in number, flattened, covered with modified hairs or scales. 
Larvfe vermiform, commoiily known as ' caterpillars.' 




This well known and most beantifii] of all the orders of 
Insects comprises the Butterflies and the Moths (^fig. 67) ; the 
former being diurnal in their habits, the latter mostly crepus- 
cular or nocturnal. 

The larvee of L^ndoptera (fig. 68), commonly called ' cater- 
pillars,' are vermiform in shape, normally composed of thirteen 
segments, the anterior portion forming a distinct homy head, 
with antennas, jaws, and usually simple eyes. The mouth of 
the caterpillar, unlike that of the perfect insect, is formed for 
mastication. The labium also is provided with a tubular organ 
— the ' spinneret ' — which communicates with two internal 
glands, the functions of which are to furnish the sOk, whereby 
the animal constructs its ordinary abode, or spins its cocoon. 
The three segments behind the bead correspond with the pro- 
thorax, mesothorax, and metathorax of the perfect insect, 
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and cairy three paira of jointed walking legs. Besid^ these, 
a variable number of the segments of the abdomen are pro- 
vided with soft, fleshy legs, which are called ' pro-legs.' 




Oedee X. Htmekoptbea. — Wings four, membranonB, with 
few nervures ; sometimes absent. Mouth alwaja provided with 
biting jaws, or mandibles ; the maxiUie and labium often con- 
verted into a suctorial organ. Females having the extremity of 
the abdomen mostly fiuiaished with an ovipositor (lerebra or 

The MyTiiemiyptera form a very extensive order, comprising 
the Bees, Wasps, Ants, Ichneumons, Saw-flies {fig. 69}, &c. 
The ovipositor, which is very generally present in the females 
of this order, is sometimes a boring organ (terehra), or in other 
cases a ' sting ' {acidew). 

Amongst the Mymenoptera we find social communities, in 
many respects resembling those of the Termites, of which a 
description has already been given. The societies of Bees and 
Ants are well known, and merit a abort description. 

The aocial Bees, of which the common Honey-bee (Apis meU 
lifica), is so familiar an example, form orp;anised commnni- 
nities, consisting of three classes of individuals — the males, 
females, and neuters. As a rule, eaoh community consists of 
a single female — the ' qneen,' and of the neuters, or ' workers. ' 
The impregnation of the female is effected by the production 
of males, or ' drones,' during the summer. After mipregna- 
tion baa been efi'ected, the drones, as being then useless, are 
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deBtroyed by the workera. The e^s prodaced by the fecun- 
dated queen are mostly intended to give origin to neatera, to 
which end they are placed in the ordinary oella. The ova, 
which are to give origin to females — the ' qaeeuB ' of future 
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colonies — are placed in cells of a pecaliar conatmction, and 
the larvfe are fed by the workers with a epedal food. The 
ova, which are to produce males, are likewise placed in cells, 
which are slightly larger than those allotted to the workers. 
It is asserted, however, that this is not the sole, or true, cause 
of the production of the males ; but that the ova which are 
intended to produce drones are not fertilised by the female 
with the semen which she has stored up in her spennatheca, 
and are therefore produced by a process of Farthenogenesis. 
(See Introduction.) 

In the Humble Bees (BomhidcB), and in the Wasps (Fes- 
pidis), we have societies essentially the same as in the Honey- 
bee. 

The Ants (Fomviea) likewise form communiticB, consisting 
of males, females, and neuters. The males and females, as 
we Lave seen in the case of the Termites, are winged, and are 
produced in great numbers at a particular period of the year. 
They then quit the nest and pair, aiter which the males die. 
The females then lose their wings, and fall to the ground, when 
they become the queens of fresh societies. In some Ants — as in 
the Termites — the neuters are divided into two classes — the 
workers and the soldiers — of which the former perform all the 
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duties necessary for tlie preservation of the society, except 
defending the nest, this being* left to the soldiers. In other 
cases, as many as three distinct orders, or * castes,' of neuters 
may be present in the same nest. 

Amongst the more singular of the habits and instincts of 
Ants two may be mentioned — ^the instinct of making slaves, 
and that of milking, so to speak, the little Plant-lice (Aphides), 
As regards the first of these, it is found that certain Ants 
possess the extraordinary instinct of capturing the pupae of 
other species of Ants, and bringing them up as slaves. The 
relations between the masters and the slaves vary a good deal 
in diflferent species. In the case of Foimiica rufescens, for in- 
stance, the masters are entirely dependent npon their slaves ; 
the males and females do nothing except reproducing the 
species, and the neuters perform no other labour except that 
of capturing fresh slaves. The masters are, in this case, un- 
able even to feed themselves, and their existence is main- 
tained entirely by the devotion of the slaves. In Formica sa?i- 
gui7iea, on the other hand, the number of slaves is much 
less, and both masters and slaves occupy themselves in per- 
forming most of the duties necessary for the community. 
The masters, however, go alone when on slave-making ex- 
peditions, and in case of a migration, the masters carry the 
slaves in their mouths. 

A second singular fact in the history of Ants is found in the 
relations which subsist between them and the Aphides, or 
Plant-lice. The Aphides secrete, or rather excrete, a peculiar 
viscid and sweet liquid, by means of a' gland, which is situated 
towards the extremity of the abdomen, and communicates with 
the exterior by two tubular filaments. Ants are extremely 
fond of this excretion, and it is a well established fact that 
the Aphides allow themselves to be milked, as it were, by the 
Ants. For this purpose the Ant touches and caresses the ab- 
domen of the Aphis with its antennae, whereupon the latter 
voluntarily exudes a drop of the coveted fiuid* Ordinarily the 
Ants seek the Aphides upon plants, but it is asserted that, in 
some cases, they keep Aphides, much in the same way as human 
beings keep cows ; though this is probably partly imaginary. 

Order XI. Strepsiptera. — ^Females without wings or feet, 
parasitic. Males possessing the posterior pair of wings, which 
are large, membranous, and folded longitudinally like a fan. 
The anterior pair of wings rudimentary, represented by a pair 
of singular twisted organs. Jaws abortive. 

The Strepsiptera constitute a small order, which includes 
certain parasites of minute size, found on Bees and other 
Hymenoptera, The female is a soft vermiform grub, without 

VOL. I. <i 
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feet, bnt with a homy head, which it protmdes from between 
the abdominal segments of its host. The larre are active, and 
poBseaa six feet ; whilst the males are winged and fly abont 
with great activity. 

Obdgb XII. CoiEOPTERA. — Month maeticatoiy, fVimisfaed 
with mandibles and maxilla. Wings fonr; anterior pair chi- 
tinons, forming protective cases (elytra) for the large, mem- 
branous posterior wings (Jti;. 70). 




The order Coleoplera includes all those Insects known com- 
monly as ' Beetles,' comprising an enormons nnmber of species 
and genera. 

The larviB of the Coleoptei-a are vermiforra gzTjbs, with masti- 
catory months, nsually three pairs of thoracic legs, and often 
anal pro- legs. 

DiSTBiBUTiOM OF InseCta IN TiME. — The earliest known in- 
sects have been discovered in the Devonian Bocks of America, 
and consist of the remains of Neuroptera. Others, as might 
have been anticipated, have been fonnd in the Coal-measares. 
In the Secondary Bocks remains of Insects have been found 
abundantly in certain beds of the Oolitic and Eiiaflsic formations. 
In some Tertiary strata Litpidoptera and other insects have 
, been found in a good state of preBeryation. Amber, which is 
a fossil resin, has long been known to contain many insects in 
its interior (in certain specimens) ; and all of these appear to 
belong to extinct species,- though amber, geologically speaking, 
is not an ancient product. 
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CHAPTER XLI. 
SUB-KINGDOM MOLLUSCA. 

Sub- KINGDOM Mollusca. — The Mollusca may be defined as in- 
cluding soft-bodied animals, which are nsually provided with an 
exoskeleton. The intestinal canal is bounded by its own proper 
walls, and is completely shut off from the perivisceral cavity. 
The alimentary canal is situated between the haemal system, 
which lies dorsally, and the neural system, which is situated 
towards the ventral aspect of the body. The nervous system 
in its highest development consists of three principal ganglia, 
which are reduced to one in the lower forms. Usually there 
is a distinct propulsive organ by which the circulation is carried 
on, but this is occasionally absent. Distinct respiratory organs 
may, or may not, be present. Reproduction is sexual, though 
gemmation is, also, occasionally superadded. The higher Mol- 
lusca are all simple animals, but many of the lower forms are 
capable of forming colonies by continuous gemmation. 

The digestive system in all the Mollusca consists of a mouth, 
gullet, stomach, intestine, and anus — though in some of the 
Bracliiojpoda the intestine ends C89cally. In some the mouth 
is surrounded by ciliated tentacles (Polyzoa, fig. 73) ; in others 
it is furnished with two ciliated arms {BracMojpoda, fig, 75) ; 
in the bivalves (Lamellihranchiata) it is mostly famished with 
four membranous processes or palpi ; in others it is provided 
with a comphcated apparatus of teeth (Gasteropoda, fig. 77, and 
Pterojpoda); and, lastly, the Cephalopoda have in addition 
horny or calcareous mandibles, forming a kind of beak. Well 
developed salivary glands are usually present ; the liver in the 
higher forms is of large size, and pours its secretion either 
into the stomach or into the commencement of the intestine ; 
and a renal organ has been detected in most of the Mollusca 
proper. There is no distinct absorbent system, but the pro- 
ducts of digestion pass by exosmose into the general abdominal 
cavity, and thence into the larger veins, which are pierced by 
numerous round holes for this purpose. 

The blood is colourless, or nearly so. In the Polyzoa the 
circulation is carried on by ciliary action, and there is no dis- 
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tinct propalsive organ, or definite course of the circnlatinp^ 
fluid. In the Tunicata^ the heart is a simple tube, open at both 
ends, and the course of the circulation is periodically reversed. 
In the Brachiopoda the course of the circulation is not defi- 
nitely ascertained, and it is doubtful if a true heart is present 
in all. In the higher Molliosca a distinct heart is always 
present, and consists of an auricle which receives the aerated 
blood from the breathing organ, and a muscular ventricle 
which propels it through the systemic vessels. That a system 
of capillaries, in some cases, intervenes between the arteries 
and veins, appears from recent researches to be probable. 

In the Polyzoa there is no differentiated respiratory organ, 
and the function of respiration is discharged mainly by the 
oral crown of ciliated tentacles. In the Tunicata respiration 
is effected by means of the pharyngeal, or branchial, sac ; and 
in the Brachiopoda by the oral arms, and, possibly, to some 
extent, by an * atrial 'or * water- vascular' system, furnished 
with contractile dilatations. In the higher Mollusca a distinct 
breathing organ is always present, a portion of the mantle beincf 
specialised for this purpose. In the Lamellihranchiata, and 
the branchiate Gasteropoda, the breathing organs are in the 
form of lamellar and pectinate gills, and the same is the case 
with the Cephalopoda, In the pulmonate Gasteropoda, in 
which respiration is aerial, a pulmonary sac, or air-chamber, is 
produced by the folding of a portion of the mantle, over the 
interior of which the pulmonary vessels are distributed. The 
chamber thus formed communicates with the exterior by a 
round aperture which can be opened or closed at will ; and the 
renovation of the effete air within the sac appears to be effected 
mainly, or entirely, by simple diffusion. 

The nervous system varies considerably in its development. 
In the Polyzoa, Tunicata, and Brachiopoda — which collectively 
constitute the Mollvscoida — the nervous system consists of a 
single ganglion, or of a principal pair with accessory ganglia, 
placed between the oral and anal apertures, or on the ventral 
surface of the body. The true Molluscan type, however, of 
nervous system is constituted by the presence of three pairs of 
ganglia, connected with one another by commissures, but 
distributed in a characteristically scattered manner (hetero- 
gangliate type). One of these ganglia is situated above the 
oesophagus, and is called the * supi'a-oesophageal,' or * cerebral' 
ganglion. A second is placed below the oesophagus, and is 
termed the ' infra-oesophageal,' or 'pedal' ganglion (from its 
supplying the nerves to the 'foot'). The third pair is the 
most persistent, and is termed the ' branchial,' or ' parie to- 
splanchnic ' gangHon. 
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Organs of sight exist in some of the lower, and in the 
majo;"ity of the higher, Molhisca. In the Cephalopoda, and in 
some of the Gasteropoda (e.g. Strombidce), the eyes are of a very 
high type of organisation. In the LamelUbranchiata, the adults 
are either destitute of organs of vision, or possess numerous 
simple eyes (' ocelli') placed along the margins of the mantle- 
lobes. Similar ocelli are also found in some of the Tunicata, 
placed between the oral tentacles. Organs of hearing exist in 
the more highly organised Mollusca, especially in the Gastero^ 
poda and Cephalopoda, and supposed olfactory organs occur in 
some of the latter. 

Reproduction amongst the Mollusca is almost invariably 
sexual, but it is by continuous gemmation that .the colonies of 
the Polyzoa, and the social and compound Tunicata, are pro- 
duced, and the * statoblasts ' of the former offer a good ex- 
ample of non-sexual reproduction. The sexes are usually 
distinct, but are in many cases united in the same individual. 
Ill many forms, the ova are arranged in rows so as to form a 
strap- or ribbon-shaped structure, termed the *nidamental 
ribbon.' 

As implied by their scientific name, the Mollusca are mostly 
soft-bodied animals, but their popular name of * Shell-fish ' 
expresses the fact, that the presence of a shell, protecting the 
soft body, is likewise a very characteristic feature in the sub- 
kingdom. At the same time, a shell is not universally present, 
and many of the Mollusca are either permanently naked, or 
possess nothing that would be ordinarily looked upon as a shell. 
When there is either no shell at all, or merely a rudimentary 
shell enclosed in the mantle, the Mollusc is said to be * naked.' 
The shell of the ' testaceous ' Mollusca is very closely related to 
the respiratory organs ; ' indeed, it may be regarded as a pumi- 
mosJceleton, being essentially a calcified portion of the mantle, 
of which the breathing-organ is at most a specialised part. 

In its most reduced form the shell is only a hollow 

cone, or plate, protecting the breathing-organ and heart, as in 
Lhnax, Testacella, and Carinaria, Its peculiar features always 
relate to the condition of the breathing-organ, and in Terehra- 
tula and Pehnaia it becomes identified with the gill. In the 
Nudibranchs the vascular mantle performs, wholly or in part, 
the respiratory office. In the Gephalopods the shell becomes 
complicated by the addition of a distinct, internal, chambered 
portion (phragmacone), which is properly a visceral skeleton.' 
— (Woodward.) In a great many of the Mollusca proper the 
shell consists of but a single piece, and they are called 'uni- 
valves.' In many others the shell consists of two separate 
plates, or ' valves,' and these are called ' bivalves.' In others^ 
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again, as in the Chiton, the shell consists of more than two 
pieces, and is said to be ' multivalve.' Most, however, of the, 
multivalve shells of older writers are in reality referable to 
the Cirripedia. 

All the testaceous Mollusca (except the Argonaut), and 
most of the * naked * forms, acquire a rudimentary shell before 
their liberation from the ovum. In the latter this rudimentary 
shell is cast off as the embryo grows, but in the former it be- 
comes the ' nucleus ' of the adult shell. In the bivalves the 
embryonic shell, or 'nucleus,' is situated at the beak, or 
' umbo,' of each valve, and is often very unlike the remainder 
of the shell. 

In composition the shell of the Molhisca consists of carbonate 
of lime — usually having the atomic arrangement of calcite 
— ^with a small proportion of animal matter. In the Phola- 
didce, however, the calcareous matter exists in the allotropio 
condition of arragonite, which is very much harder than cal- 
cite. As regards their texture, three principal varieties of 
shells may be distinguished, viz. the * porcellanous,' the ' na- 
creous,' and the ' fibrous.' In the nacreous or pearly shells, as 
seen in ' mother-of-pearl,' the shell has a peculiar lustre, due 
to the minute undulations of the edges of alternate layers of 
carbonate of lime and membrane. The * fibrous ' shells are 
composed of successive layers of prismatic cells. The * porcel- 
lanous ' shell has a more complicated structure, and is composed 
of three layers, or strata, each of which is made up of very 
numerous plates, 'like cards placed on edge.' The direction 
in which these vertical plates are placed, is sometimes trans- 
verse in the central layer, and lengthwise in the two others, 
or longitudinal in the middle, and transverse in the outer and 
inner strata. 

All living shells have an outer layer of animal matter, which 
is known as the * epidermis,' or * periostracum.' This is some- 
times of extreme tenuity, but is sometimes very thick, the 
latter being especially the case with those shells which are 
found in fresh water. 

In many of the spiral univalves, as the animal grows, it 
withdraws itself from the upper portion of the shell, often par- 
titioning off the space thus left vacant. In many instances 
the portion thus abandoned falls off, and the shell becomes 
* truncated,' or ' decollated ;' this being the normal condition 
in fully grown examples of some shells. 

In the great majority of univalves the shell is coiled into a 
spiral, the direction of which is right-handed, but in some 
cases the spiral is left-handed, and the shell is said to be *re- 
rersed/ or 'sinistral.' The reversed shell may occur as the 
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normal condition of the species, or it may occnr simply as a 
variety of a form, which is normally right-handed, or * dextral.' 
The sub-kingdom Mollusca is divided into two great divi- 
sions, termed respectively the Molluscoida, and the Mollusca 
proper. In the former of these the nervous system consists of 
a single ganglion or principal pair of ganglia, and there is 
either no circulatory organ or an imperfect heart. In the 
latter the nervous system consists of three principal pairs of 
ganglia, and there is a well developed heart, consisting of at 
least two chambers. 



d 
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MOLLUSCOIDA. 



CHAPTER XLII. 

POLYZOA, 

Division A. Molluscoida. — Nervous system consisting of a single 
gangluyn, or of a principal pair with accessory ganglia ; no distinct 
organ of the circulation^ or an imperfect heart. 

This division includes three classes, viz. the Polyzoa^ the 
Tunicata, and the Brachiopoda, 

Class I. Polyzoa (Bryozoa), — The members of this class 
are defined as follows : — * Alimentary canal suspended in a 
double-walled sac, from which it may be partially protruded 
by a process of evagination, and into which it may be again 
retracted by invagination. Mouth surrounded by a circle or 
crescent of hollow, ciliated tentacles ; animals always forming 
composite colonies.' — (AUman.) 

All the Polyzoa live in an associated form in colonies or 
' polyzoaria,' which are sometimes foliaceous (fig. 71), some- 
times branched and plant-like, sometimes encrustiDg, and very 
rarely are free. Each * polyzparium ' consists of an assemblage 
of distinct but similar zooids, arising by continuous gemma- 
tion from a single primordial individual. The colonies thus 
produced are in very many respects closely similar to those 
of many of the Hydroid Polypes, with which, indeed, the Po- 
lyzoa were for a long time classed. The ' polyzoarium,' how- 
ever, of a Poly zoo n differs from the polypidom of a composite 
Hydroid in the general fact that the separate cells of the form^* 
do not conmiunicate with one another otherwise than by the 
'continuity of the external integument ; whereas the zooids of 
the latter are united by an organic connecting medium, or 
* coenosarc,' from which they take their origin. On this point, 
Mr. Busk observes : — 

' It has been before said that the Polyzoa are always asso- 
ciated into compound growths, made up of a congeries of in- 
dividuals, which though distinct, yet retain some degree of 
intercommunication, comparable in kind perhaps, though not 
in degree, to what obtains in many of the compound Ascidians. 
That this community exists is proved by the otherwise inex- 
plicable circumstance that the polyzoaria in many instances 
present elements common to the whole growth, and not be- 
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longing specially to any individual. The chief bond of con- 
nection wonld appear to reside partly in the coutinnity of the 




Fig.71.— Poljr»i. Flmlra hiipida, me Otiba Bi 



external integument, and partly also, in all probability, in a 
slow interchange of the vital fluid with which the cavities of 
the cells are charged.' 

In one sub-order of the Polyzoa {Otenostiymata), the poly- 
zoarium consists of a series of cells arising from a common 
tube, but this exception does not affect the value of the above 
general distinction between the Polyzoa, and the 3ydroida. 

A second point of difference is fonnd in the invariably 
corneous (or chiUnous) texture of the polypidoms of the 
Eydroida, whereas those of the Polyzoa may be corneous, or 
fleshy, but are in'the majority of inatancea more or less highly 
charged with carbonate of lime. 

The homomorphism, however, which subsists between the 
Polyzoa and the Rydroida is shown most decisively not to be a 
true affinity, when the atructure of the individual zooids is 
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examined. The polypite of a hydroid zoophyte, as we have 
already seen, possesses no alimentary canal distinct from the 
general cavity of the body ; there are no traces of a nervous 
system, and the reproductive organs are in the form of ex- 
ternal processes of the body- wall. In the zooid of all the 
Polyzoa (fig, 72, 2), on the other hand, there is a distinct ali- 
mentary canal, completely shut off from the somatic cavity ; 
a nervous system is present, and the reproductive organs are 
contained within the body. 

The following are the more important differences in the 
terminology employed to designate the various parts of the 
compound growths of the Polyzoa and the Hydrozoa, In the 
Hydroida the entire colony is called the ' hydrosoma,' and its 
investing layer, when present, is called the *polypary,' or 
* polypidom,' whilst the individuals composing the hydrosoma 
are called the * polypites,' and the cups in which these are, 
in some cases, contained are called * hydrothecse.* In the 
Polyzoa the entire colony — or its entire dermal system — is 
called the * polyzoarium,' or * ccenoecium ;' the separate zooids 
are called 'polypides,' and the little chambers in which each 
is contained ai*e called the * cells.' 

It will be seen, therefore, that the term polypite is restricted 
to the zooid of a compoun4 Syd/rozo'&n, or to the entire hydro- 
soma of a simple member of the class. The term jpolyjpe is 
applied to a simple Actinozoon, or to the zooids of a compound 
actinosoma. Lastly, the term polypide is exclusively employed 
to designate the zooid of one of the Polyzoa, 

The construction of a typical polypide of a Polyzobn is thus 
described by Professor Allman (fig, 72, 2) : — 

' Let us imagine an alimentary canal, consisting of oeso- 
phagus, stomach, and intestine, to be furnished at its origin 
with long ciliated tentacula, and to have a single nervous 
ganglion placed upon one side of the oesophagus. Let us now 
suppose this canal to be bent back upon itself towards the 
side of the ganglion, so as to approximate the termination to 
the origin. Let us farther imagine the digestive tube thus 
constituted to be suspended in a fluid contained in a mem- 
branous sac with two openings, one for the mouth, and the 
other for the vent ; the tentacula alone being external to the 
sac. Let us still further suppose the alimentary tube, by means 
of a system of muscles, to admit of being retracted or pro- 
truded according to the will of the animal; the retraction 
being accompanied by an invagiDation of the sac, so as partially 
or entirely to include the oral tentacles within it ; and if to 
these characters we add the presence of true sexual organs in 
the form of ovary and testis, occupying some portion of the 
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interior of the sac, and the negative character of tie absence 
of all vestige of a, heart, we shall have, perhaps, as correct an 
idea — apart from all considerations of homology or derivation 
from an archetype — as can be conveyed of the essential stmc- 
tnre of a Polyioijn in its simplest and most generalised 
condition.' 

' To give, however, more a^^taality to our ideal Polyzoon, 
we may bear in mind that the immediately investing sac has 
the power, in almost every case, of secreting from its external 
surface a secondary investment of very varions constitution 
in the different groups ; and we may, moreover, conceive of 
the entire animal with its digestive tabe, tentacula, ganglion, 
muscles, generative organs, circnmambient fluid, and investing 
sacs, repeating itself by gemmation, and thns prodncing one 
or more precisely similar systems, holding a definite position 
relatively to one another, while all continue oi^anicaUy nnited, 
and we shall then have the actual condition presented by the 
Polyzoa, in their fully developed state.' 




. _. Nervous t:angllon^ t- 

The vast majority of the Polytoa are fixed, but this is not 
universally the case. Thus the singular fresh- water Grisiatella 
is iree and locomotive, creeping about by means of a &ttened 
discoid base, not unlike the foot of the Gasteropoda. 

The two fondameutal structures of the ' ccenoecinm ' of a 
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Polyzoon, viz. the immediately investing sac, and its secon* 
darj investment, are sometimes termed the ' endoderm ' and 

* ectoderm,' but as these terms are employed in describing the 
Hydrozoa, it is better to make use of the terms ' endocjst ' and 

* ectocyst,' proposed by Dr. Alhnan. 

The * ectocyst,' or external investment of the coenoecinm, 
is osually a brown, pergamentaceoas, probably chitinous, bnt 
often highly calcareous, membrane ; and it is by the ectocyst 
that the * cells ' are formed. In CristateUa, alone of the Polyzoa, 
there is no ectocyst, and in Lophopus the ectocyst is gelatinous 
in its consistence. In many cases the ectocyst is provided 
with singular appendages, supposed to be weapons of offence 
and defence, termed * avicularia ' (fig, 72, 3) and * vibracula.' 
The avicularia differ a good deal in shape, but consist es- 
sentially of ' a movable mandible and a cup famished with a 
homy beak, with which the point of the mandible is capable 
of being brought into apposition.' — (Busk.) In shape the 
avicularia often closely resemble the head of a bird, and they 
are in many respects comparable with the * pedicellarisB ' of 
the Echincdermata.* In the * vibracula,' the place of the 
mandible of the avicularium is taken by a bristle, or seta, 
which is capable of extensive movement. 

The endocyst is always soft, contractile, and membranous. 
It lines the interior of the cells formed by the ectocyst, and is 
reflected backwards at the mouth of the cell, so as to be inva- 
ginated, or inverted into itself ; and it finally terminates by 
being attached to the base of the circlet of tentacles. This 
invagination of the endocyst is more or less permanently pre- 
sent in all the fi^sh-water Polyzoa, A portion of the inner 
surface of the endocyst, if not the whole, is furnished with 
vibratile cilia. 

The mouth of each polypide is surrounded by a crown of 
tubular, non-retractile tentacles, which have their sides ciliated, 
and are arranged sometimes in a circle, and sometimes in a 
crescent. The tentacles are borne upon a kind of disc, or stage, 
which is termed by Professor Allman the * lophophore,' In the 
majority of Polyzoa — including probably almost all the marine 
species — the lophophore is circular, but in most of the fresh- 
water forms it has its neural side extended into two long arms, 
so that the entire lophophore becomes crescentic or * horse- 
shoe-shaped ' (fi^, 73) ; hence this section is sometimes collec- 

* There is great reason, however, as shown by Huxley, to regard the 
avUndariaf not as mere appendages or organs of any kind, but as peculiarly 
modified zooids^ having many singular points of affinity with the Brachio- 
poda. The avicularia^ like the pedicellaria of the Echinodermatat continue 
their movements long after the death of the animal. 
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tively termed the ' Hippocrepian Polyzoa In all the Polyzoa 
in wWcli this crescentic eondition of the lophophore exists, 
there ia also a singular v»lve-like organ which arches over the 
mouth, and is termed the ' epistome 




The mouth condncta hy an cesophagns into a dilated stomach. 
In some cases a pharynx may be present, and in others there 
ia in front of the stomach a. muscular proventriculua, or giz- 
zard. From the stomach proceeds the intestine, which shortly 
tarns forwards to open by a distinct anus close to the mouth. 
As the nervons ganglion is sitaated on that side of the mouth, 
towards which the intestine turns in oi-der to reach its ter- 
mination, the intestine is said to have a ' neural flexnre,* and 
this relation is constant throughout the entire class. 

Respiration in the Foh/zoa appears to be carried on by the 
ciliated tentacles, and by the ' perigastric space,' which is filled 
with a clear fluid, containing solid particles in snspension. A 
kind of circulation is kept up in this 'perigastric fluid,' by 
means of the cilia lining the inner snrrace of the endocyst. 
Beyond this there is nothing that could be called a circulation, 
and there are no distinct circulatory organs of any kind. 

The nervous system in all the Polyzoa consists of a single 
small ganglion (Jig. 72, 2), placed upon one side of the ceso- 
phagns, between it and the anal aperture. Besides the single 
ganghon which belongs to each polypide, there is also in many, 
if not in all of the Polyzoa, a ' colonial nervous system.' That 
is to aay, there is a well developed nervous system, which 
unites together the variooB zooids composing the colony, and 
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brings them into relation with one another. It is probably in 
virtue of this system that the avicularia are enabled to con- 
tinue their movements, and retain their irritability after the 
death of the polypides. 

The muscular system is well developed, and consists of 
various muscular bands, with special functions attaching to 
each. The most important fasciculi are the retractor muscles, 
which retract the upper portion of the polypide within the 
cell. These muscles arise from the inner surface of the endo- 
cyst near the bottom of the cell, and are inserted into the 
upper part of the oesophagus. The polypide, when retracted, 
is again exserted, chiefly by the action of the * parietal muscles,' 
which are in the form of circular bundles running transversely 
round the cell. 

As far as is known, all the Polyzoa are hermaphrodite, each 
polypide containing an ovary and testis (fig. 72, 2). The 
ovary is situated near the summit of the cell, and is attached 
to the inner surface of the endocyst. The testis is situated at 
the bottom of the cell, and a curious cylindrical appendage, 
called the 'ftini cuius,* usually passes from it to the fandus of 
the stomach. The products of generation, i. e. the spermatozoa 
and ova, are discharged into the perigastric space, where 
fecundation takes place; but it is not certainly known how 
the impregnated ova escape into the external medium. 

As already mentioned, continuous gemmation occurs in all 
the Polyzoa, the fresh zooids thus produced remaining attached 
to the organism from which they were budded forth, and thus 
giving rise to a compound growth. 

A form of discontinuous gemmation, however, occurs in 
many of the Polyzoa, in which certain singular bodies, called 
* statoblasts,' are developed in the interior of the polypide. 
The statoblasts are found, in certain seasons, lying loose in the 
perigastric cavity. In form * they may be generally described 
as lenticular bodies, varying, according to the species, from an 
orbicular to an elongated-oval figure, and enclosed in a homy 
shell, which consists of two concavo-convex discs united by 
their margins, where they are farther strengthened by a ring 
which runs round the entire margin, and is of different struc- 
ture from the discs When the statoblasts are placed 

under circumstances favouring their development, they open 
by the separation from one another of the two faces, and 
there then escapes from them a young Polyzoon, already in an 
advanced stage of development, and in all essential respects 
resembling the adult individual in whose ceU the statoblasts 
were produced.' — (Allman.) The statoblasts are formed as 
buds upon the ' ftiniculus ' — the cord already alluded to as 
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extending from the testis to the stomach — ^upon which they 
may usually be seen in different stages of growth. They do 
not appear to be set free from the perigastric space prior to 
the death of the adult, and when liberated, they are enabled 
to float near the surface of the water, in consequence of the 
cells of the marginal ring, or * annulus,' being spongy and 
filled with air. They must be looked upon as ' gemmce pecu- 
liarly encysted, and destined to remain for a period in a qui- 
escent or pupa- like state.* — (AUman.) 

As regards the development of the Polyzoa, the embryo upon 
its emergence from the ovum presents itself as a ciliated, free- 
swimming, sac-like body, from which the polypide is subse- 
quently produced by a process of gemmation. 

Divisions op the Polyzoa. — The Polyzoa are divided into 
two divisions or orders — the Phylactolcematay distinguished by 
the possession of a bilateral horse-shoe-shaped lophophore, and 
of an ' epistome ' arching over the mouth ; and the Gymnolce- 
mata, in which the lophophore is orbicular, and there is no 
epistome. 

TABLE OF THE DIVISIONS OF THE POLTZOA. — (AFTEB BUSK.) 

Order I. Phylactolemata. 

• Lophophore bilateral ; mouth with an epistome. 

Suh-ord(r 1. Lophcypea (fresh-water). 

Arms of lophophore free or obsolete ; consistence homy, sub-cal- 
careous. 

Sub-order 2. Pedicdlinea (marine). 

Arms of lophophore united at their extremities ; consistence soft, 
fleshy. 
Order II. Gymnolemata. 

Lophophore orbicular, or nearly so; no epistome. 

Sub-order 3. Paludicellea (fresh- water). 

Polypide completely retractile ; evagination of tentacular sheath 
imperfect ; consistence homy or sub-calcareous. 

Sub-order 4. CheUostomata (marine). 

Polypide completely retractile ; evagination perfect ; orifice of cell 
sub-terminal, of less diameter than the cell, and usually closed 
with a movable lip or shutter, sometimes by a contractile sphinc- 
ter ; cells not tubular ; consistence calcareous, homy, or fleshy. 

Sub-order 6. Cyclostomata (marine). 

Cell tubular ; orifice terminal, of the same diameter as the cell, 
without any movable apparatus for its closure ; consistence cal- 
careous. 

Sub-order 6. Ctenostomata (marine). 

Orifice of the cell terminal, famished with a usually setose fringe 
for its closure ; cells distinct, arising from a common tube ; con- 
sistence horny or carnose. 
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CHAPTER XLin. . 

TUNWATA. 

Class II. Tonicata {AgcHioida). — The memhors of this class 
of the MolbiKoida are defined as follows : — ' Alimeatarj' canal 
suspended in a donble-walled sac, bat not capable of protrasion 
and retraction ; month opening into the bottom of a respi- 
ratory sac, whose walls are more or less completely lined by a 
network of bloodvessels.' — (Allman.) Animal simple or com- 
posite. An imperfect heart in the form of a simple tube open 
at both ends. 

The Tunicaries ore all marine, and are protected by a lea- 
theiy, elastic integument, which takes the place of a shell. In 
appearance a solitary Ascidian {fig. 74) may be compared to 
a double-necked jar with two prominent apertures situated 




a altDple Ascidiui. [Alter Woodwud.) 

close to one another at the free extremity of the animal, one 
of these being the month, whilst the other serves as an excre- 
tory aperture. The covering of an Ascidian is composed of 
two layers. Of these the outer is called the ' external tunic,' 
or ' test,' an.d is dietingniahed by its coriaceous or cartili^notis 
consistence. It is also remarkable for containing a substance 
which gives the same chemical reactions as cellulose, and is 
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probably identical with this characteristic vegetable product. 
The test is lined by a second coat, which is termed the ' second 
tunic' or 'mantle,' and which is mainly composed of longi- 
tudinal and circular muscular fibres. By means of these the 
animal is endowed with great contractiHty, and has the power 
of ejecting water from its branchial aperture with considerable 
force. The mantle lines the test, but is only slightly and 
loosely attached to it, especially near the apertures. The 
mouth is usually surrounded by a circlet of small, non-ciliated, 
non- retractile tentacles, and opens into a large chamber (/?</. 
74, 1, c), which usually occupies the greater part of the cavity 
of the mantle, and has its walls perforated by numerous aper- 
tures. This is known variously as the ' pharynx,' the * respi- 
ratory sac,' or the * branchial sac' (It must be remembered 
that the aperture here spoken of as the mouth can only be 
looked upon in this light, provided that the respiratory sac is 
looked upon as the pharynx. By Professor Allman, whose 
definition is given at the head of this chapter, this view is not 
accepted, and consequently the internal or inferior opening of 
the respiratory sac is regarded as the true mouth.) Inferiorly 
the respiratory sac leads by a second aperture into an oeso- 
phagus, which opens into a capacious stomach. From the 
stomach an intestine is continued, generally with few flexures, 
to the anal aperture, which does not communicate directly 
with the exterior, but opens into the bottom of a second cham- 
ber, which is called the 'cloaca' (^fig. 74, 1, /). Superiorly 
the cloaca communicates with the external medium, by means 
of the second aperture in the test. The first bend of the 
intestine is such that, if cotitinued, it would bring the anus on 
the opposite side of the mouth to that on which the nervous 
ganglion is situated. The intestine, therefore, is said to have 
a 'hsBmal flexure;' whereas the flexure in the case of the 
Folyzoa is ' neural.' The intestine, however, in the Tunicata 
does not preserve this primary hsemal flexure, but is again 
bent to the neural side of the body, the nervous ganglion coming 
finally to be situated between the mouth and the rectum. As 
just stated, the anus is not in direct communication with- the 
exterior, but opens into a large cavity, called the ' cloaca, or 
'atrial chamber,' which, in turn, opens externally by tbe 
second aperture of the animal. This cloaca is a large sac lined 
by a membrane which * is reflected like a serous sac on the 
viscera, and constitutes the "third tunic" or "peritoneum." ' 
From the cloaca, ' it is reflected over both sides of the pharynx ' 
(respiratory sac) 'extending towards its dorsal part, very 
nearly as far as that structure which has been termed the " en- 
dostyle." It then passes from the sides of the pharynx to the 
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body- walls, on whicli the right and left lamellaa become cori- 
tinnous, so as to form the lining of the chamber into which the 
second aperture leads, or the " atrial chamber." Posteriorly, 
or at the opposite end of the atrial chamber to its aperi;nre, its 
lining membrane (the "atrial tunic") is reflected to a greater 

or less extent over the intestine and circulatory organs 

Where the atrial tunic is reflected over the sides of the pharynx, 
the two enter into a more or less complete union, and the sur- 
faces of contact become perforated by larger or smaller, more 
or less numerous apertures. Thus, the cavity of the pharynx 
acquires a free communication with that of the atrium ; and 
as the margins of the pharyngo-atrial apertures are fringed with 
cilia, worlang towards the interior of the body, a current is 
produced, which sets in at the oral aperture and out by the 
atrial opening, and may be readily observed in a living 
Ascidian. ' — (Huxley. ) 

As regards some points in the above description. Professor 
All man does not agree with Huxley, but believes, on the other 
hand, *that the walls of the atrium simply surround the 
branchial sac, without being reflected on its sides, and that the 
branchial sac is, therefore, properly tvithin the cavity of the 
atrium.' 

In structure, the pharyngeal, or * branchial' sac is composed 
of a series of longitudinal and transverse bars, which cross 
each other at right angles, and thus give rise to a series of 
quadrangular meshes, the margins of which are fringed with 
vibratile cilia. These bars are hollow, and are really vessels, 
which open on each side into two main, longitudinal sinuses, 
the so-called 'branchial,' or 'thoracic' sinuses — one of which 
ia placed along the haemal side of the pharynx, whilst the 
other runs along its neural aspect. The ftmction of the entire 
perforated pharynx is clearly respiratory. 

The Tunwata possess a distinct heart, cousisting of a simple 
muscular tube, which is open at both ends, and is not provided 
with valves. In consequence of this, the circulation, in the 
majority of Tunicaries, is periodically reversed, the blood 
hemg propelled in one direction for a certain number of con- 
tractions, and being then driven for a like period in an oppo- 
site direction; 'so that the two ends of the heart are 
alternately arterial and venous.' 

The nervous system consists of a single ganglion placed on 
one side of the oral aperture, between it and the anus, in all 
known Ttinicata, except in the aberrant form Appendicularia. 

The only organs of sense are pigment-spots, or ocelli, placed 
between the oral tentacles, and an auditory capsule, sometimes 
containing an otolith. These organs, however, do not appear 
to be constantly present. 
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Witli the exception of JDoliolum and Appendicularia, all the 
Tunicata are hermaphrodite. The reproductive organs are 
situated in the fold of the intestine, and their efferent dnct 
opens into the atrium. The embryo Tunicate is at first free, 
and is shaped like the tadpole of a frog, swimming by means 
of a long caudal appendage. 

Amongst the Salpians a species of alternation of generations 
has been observed. A solitary Salpian produces long chains 
of embryos, which remain organically connected throughout 
their entire life. Each individual of these associated specimens 
produces solitary young which are often very unlike their 
parents, and these again give rise to the aggregated forms. 

The Tunicata are often spoken of as exhibiting three main 
types of structure, which give origin to as many sections, 
known respectively as the solitary, the social, and the compound 
forms. In the * solitary' Tunicaries the individuals, however 
produced, remain entirely distinct, or if not so primitively, 
they become so. In the * social ' Ascidians the organism con- 
sists of a number of zooids, produced by gemmation and per- 
manently connected together by a vascular canal, or * stolon,' 
composed of a prolongation of the common tunic, through 
which the blood circulates. Finally, in the 'compound' forms, 
the zooids become aggregated into a common mass, their tests 
being fused together, but there being no internal union. 

Homologies op the Tunicata. — The general resemblance 
between a solitary Ascidian and a single polypide of a Polyzoon 
is extremely obvious ; each consisting of a double- walled sac, 
containing a freely suspended alimentary canal, with a distinct 
mouth and anus, alad a nervous ganglion placed between the 
two. The chief feature in the Tunicata, as to the exact nature 
of which there is much difference of opinion, is the branchial 
or respiratory sac. By Professor Allman, this is believed to 
be truly homologous with the tentacular crown of the Polyzoa, 
and the oral tentacles of the Tunicaries are believed to be some- 
thing superadded, and not represented at all in the Polyzoa, 
By Professor Huxley, on the other hand, the branchial sac is 
looked upon as an enormously developed pharynx, and the oral 
tentacles are regarded as a rudimentary representative of the 
tentacular crown of the Polyzoa. 

Divisions of the Tunicata. — By Professor Huxley the fol- 
lowing arrangement of the Tunicaries is adopted:-— 

Class Txtnic^ta. 

Order I. Ascidia branchialia. 

Branchial sac occupying the whole, or nearly the whole, length of 
the body ; intestine lying on one side of it. (Aacidiaday Botryllus^ ^c) 

b2 
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Order II. Ascidia abdominalia. 

Alimentary canal completely behind the branchial sac, which is com- 
parativelj small. {Salpa, Doliolunif ^c.) 
Order III. Ascidia larvalia. 

Permanent larral fonn. (AppendictUaria.) 

The following subdivisions are those adopted by Mr. Wood- 
ward. 

Class Txtnicata* 

Fam, I. Ascidiada (Simple Ascidians). 

Animal simple, fixed, solitary or gregarious ; oyiparous ; sexes 
united; branchial sac simple, or disposed in (8 — 18) deep and regular 
folds. 
Fam. II. Clavellinida (Social Ascidians). 

Animal compound, fixed ; individuals connected by creeping tubular 
prolongations of the common tunic through which the blood circulates, 
(or by a common gelatinous base). Eeproduction efiected by ova, or 
by gemmation from the common tube ; the new individuals remaining 
attached to the parent, or becoming completely free, 
Fam. III. Botryllid<B (Compound Ascidians). 

Animals compound, fixed, their tests fused, forming a common mass 
in which they are imbedded in one or more groups. Individuals not 
connected by any internal union ; oviparous and gemmiparous. 
Fam. IV. Pyro8omid<B. 

Animal compound, free and oceanic. 
Fam. V. Salpida. 

Animals free and oceanic ; alternately solitary and aggregated. 
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BRACHIOPODA. 



Class III. Brachiopoda (FaUiohranchiata). — The members of 
this class are defined by tbe possession of a body protected by 
a bivalve shell, which is lined by an expansion of the integu- 
ment, or * mantle.' The mouth is furnished with two long 
cirriferous arms. The nervous system consists of a single 
ganglion, placed in the re-entering angle between the gullet 
and the rectum, so that the intestine has a ' neural flexure.' 

The Brachiopoda are essentially very similar in structure to 
the Polyzoa, from which they are distinguished by the fact 
that they are never composite, and by the possession of a 
bivalve, calcareous, or sub-calcareous shell. They are com- 
monly known as * Lamp- shells,' and are all inhabitants of the 
sea, being sometimes free, but being more commonly attached 
to some soHd object. From the presence of a bivalve * sh6ll, 
the Brachiopoda have often been placed near the true bivalve 
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MoUusca (the LamdUhranchiata), but their organisation is 
very much inferior, and there are also snfl&cient differences in 
the shell to justify their separation. 

The two valves of the shell of any Brachiopod are articulated 
together by an apparatus of teeth and sockets, or are kept in 
apposition by muscular action alone. One of the valves is 
always slightly, sometimes greatly, larger than the other, so 
that the shell is said to be ' inequivalve.' As regards the 
contained animal, the position of the valves is anterior and 
posterior, so that they are, therefore, termed respectively the 
' ventral ' and * dorsal ' valves. In the ordinary bivalve 
MoUusca (LamiellibrancMata), on the other hand, the two 
valves of the shell are usually of the same size (equi valve), 
and they are situated upon the sides of the animal, so that, 
instead of being dorsal and ventral, they are now termed 
* right ' and * left ' valves. The ventral valve in the shell of 
the Brachicypoda is usually the largest, and usually possesses 
a prominent curved beak. The beak is sometimes perforated 
by a 'foramen,' or terminal aperture, through which there is 
transmitted a muscular peduncle, whereby the shell is attached 
to some foreign object. In some cases, however (as in 
Lingula)y the peduncle simply passes between the apices of the 
valves, and there is no foramen ; whilst in others (as in 
Grcmia)^ the shell is merely attached by the substance of the 
ventral valve. The dorsal, or smaller, valve is always free, 
and is never perforated by a foramen. 

In intimate structure, the shell of most of the BracMopoda 
consists * of flattened prisms, of considerable length, arranged 
parallel to one another with great regularity, and at a very 
acute angle — usually only about 10° or 12° — ^with the surfaces of 
the shell.' — (Carpenter.) Inmost cases, also, the shell is per- 
forated by a series of minute canals, which pass from one 
surface of the shell to the other, in a more or less vertical 
direction, usually widening as they approach the external 
surface. These canals give the shell a ' punctated * structure, 
and in the living animal they contain cescal tubuli, or pro- 
longations, from the mantle, which are considered by Huxley 
as analogous to the vascular processes by which in many 
Ascidians the muscular tunic, or * mantle,* is attached to the 
outer tunic, or ' test.' In some of the Brdchiopoda (as in the 
Bhynchonellidce) the shell is * impunctate,' or is devoid of this 
singular canal system. 

The inner surface of the valves of the shell is Hned by ex- 
pansions of the integument which secrete the shell, and are 
called the * lobes ' of the * pallium,' or * mantle.' The diges- 
tive organs and muscles occupy a small space near the beak 
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of the shell, which is partitioned off by a membranonB Beptnm, 
which is perforated by the aperture of the month.. The 
remainder of the cavity of the shell is almost filled by two 
long oral processes, which are termed the 'arms,' and &om 
which the name of the class has been derived. These organs 
are lateral prolongations of the mai^ns of the month, oBnally 
of great length, closely coiled up, and fringed on one aide with 
lateral processes, or 'cirri,' Ci many Brachiopoda the arms 
are snpported upon a more or less complicated internal calcft- 
reons framework, or skeleton, which is sometimes called the 
' carriage-spring apparatus.' 




The month conducts by an cesophagus into a distinct 
stomach, snrronnded by a well developed, granular liver. 
The intestine has a 'neural flexnre,' and 'either ends blindly 
in the middle line, or else terminates in a distinct anns between 
the pallial lobes.' — (Hniley.) 

Within the palhal lobes there is a remarkable system of 
more or less brffiichcd tubes, anastomosing with one another, 
and ending in c«scal extremities. This, which has been 
termed by Huxley the ' atrial trvstem,' commnnicates with the 
perivisceral cavity by means of two or four organs which are 
called ' psendo- hearts,' and which were at one time supposed 
to be true hearts. ' Each pseudo-heart is divided into a 
narrow, elongated, external portion (the ao-called " ventricle ") 
which communicates, aa Dr. Hancock has proved, by a small 
apical aperture with the paDial cavity ; and a broad, funnel- 
shaped, inner division (the so-called "auricle") conimunicatiDg, 
on the one hand, by a constricted neck, with the so-called 
"ventricle ; " and, on the other, by a wide, patent mouth with 
a chamber which occupies most of the cavity of the body 
proper, and sends more or less branched diverticula into the 
, pallial lobes.' — (Huxley.) Thia system of the atrial canals 
has been looked upon as a rudimentary respiratory apparatus ; 
but its function is more probably to act ae an excretorj oiwau. 
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and also to convey away the reproductive elements, the organs 
for which are developed in various parts of its walls. By 
Woodward, the pseudo-hearts are regarded as oviducts, and it 
is stated that they have been found to contain mature ova, so 
that there can be little doubt but that this view of their nature 
is the correct one. 

The function of respiration is probably performed, mainly, 
if not entirely, by the cirriferous oral arms, as it appears 
chiefly to be by the homologous tentacular crown of the 
Polyzoa. A true vascular system and a distinct heart are 
present in some, at any rate, of the Brachiopoda, but this 
subject is still involved in considerable obscurity. In Tere- 
hratula the heart is in the form of a unilocular, pyriform. 
vesicle, placed on the dorsal surface of the stomach. 

The nervous system consists of a principal ganglion, of no 
great size, placed in the re-entering angle between the gullet 
and the rectum. 

The sexes are most probably united in the same individual. 
Little is known of the development of any of the Brachixypoday 
but the embryo is doubtless free-swimming and locomotive. 

CLASSIFICATION OF THE BBACHIOPODA. — (aFTEB DAVIDSON.) 

Class Bbachiopoda. 

Fam. I. Terebratulid(B, 

Shell minutely punctate; ventral valve with a prominent beak 
perforated by a foramen for the emission of a muscular peduncle, 
whereby the animal is fixed to some solid object. Foramen partially 
surrounded by a deltidium of one or two pieces. Oral appendages 
entirely or partially supported by calcified processes, usually in the 
form of a loop, afid always fixed to the dorsal valve. 

Genera. — Terebratula (with Terebrattdinaf and WaWieimia), Tere- 
bratella^ StringocephoUuSj &c. 
Fam. 11. T/uscidida. 

Shell fixed to the sea-bottom by the beak of the larger or ventral 
valve ; structure punctated. Oral processes united in the form of a 
bridge over the visceral cavity ; cirrated arms folded upon themselves, 
and supported by a calcareous loop. 

Genus. — Thecidium, 
Fam. IIL Spiriferida. 

Animal free, or rarely attached by a muscular peduncle. Shell 
punctated or unpunctated. Arras largely developed, and entirely sup- 
ported by a thin, shelly, spirally-rolled lamella. 

Genera. — Spirifer^ Spiriferina, Cyrtia, Athyris, ^c, 
Fam. IV. Koninckida, 

Animal unknown. Shell free ; valves unarticulated (?)• Oral arms 
supported by two lamellse, spirally-coiled. 

Genus. — Koninckia, 
Fam. V. Rhynchonellida. 

Animal free, or attached by a muscular peduncle issuing from an 
aperture situated under the extremity of the beak of the ventral valve. 
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Arms spirally rolled, flexible, and supported only at their origin bj s 
pair of short curved shelly processes. Shell-structure fibrous and im- 
punctate. 

Genera. — Rhynchonellat PentameruSy Porambonitea^ ffc, 
Fam, VI. Stropkomenida. 

Animal unknown ; some probably free, others attached, diiring the 
whole or a portion of their existence, by a muscular peduncle. No 
calcified supports for the arms. Shell with a straight hinge-line, and 
a low triangular area in each Talre. Shell-structure tibrous and 
punctated. 

Genera. — Orihis, Orthmna, Strophomena and Leptana, 
Pam. VII. Prodiictida, 

Animal unknown. Shell entirely free, or attached to marine bottoms 
by the substance of the beak ; valves either regularly articulated, or 
kept in place by muscular action. No calcified support for the oral 
appendages. 

Genera. — Prodttcta, Chonetes, Strophalosiaf Aulosteges. 
Fam.Vni. Calcedida.* 

Animal unknown. Shell probably free; valves not articulated; 
ventral valve pyramidal with a large, flat, triangular area ; dorsal 
valve flat, semicircular, with a str^^ight hinge-line. No foramen, or 
muscular, or vascular impressions. 

Genus. — Calceola, 
Fam, IX. Craniada. 

Animal fixed to submarine objects by the substance of the shell of 
the ventral valve. Arms fleshy and spirally coiled; no hinge, or 
articulating processes ; upper or dorsal valve patelliform (i.e. limpet- 
shaped). 

Genus. — Crania, 
Fam, X. Discinidee. 

Animal attached by means of a muscular peduncle, passing through 
the ventral or lower valve, by means of a slit in its hinder portion or 
a circular foramen excavated in its substance. Arms fleshy, valves 
unarticulated. 

Genera. — Biscina, TrewaiiSf Siphonotreta^ Acrotreta, 
Fam, XI. Lingulida. 

Animal fixed by a muscular peduncle passing out between the beaks 
of the valves ; arms fleshy, unsupported by calcified processes. Shell 
unarticulated, sub-equivalve, texture horny. 

Genera. — Lingula^ Oboltts, 



CHAPTER XLV. 

DISTRIBUTION OF MOLLUSCOLDA, 

Distribution op Molluscoida in Space. — The Polyzoa, like all 
the Molluscoida, are exclusively aquatic in their habits, but 
unlike the remaining two classes, they are not exclusively 

* Recent researches have thrown some doubt upon the position of 
Calceola amongst the Brachiopod.ay and have tended to show that it is a very 
abnormal type of Bugose Coral, provided with a lid or operculum. 
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confined to the sea. The marine Polyzoa are of almost nni- 
versal occurrence in all seas. The fresh-water Polyzoa, how- 
ever, not only differ materially from their marine brethren in 
structure, but appear to have a much more limited range, 
being, as far as is yet known, confined to the North Temperate 
Zone. Britain can claim the great majority of the described 
species of fresh- water Polyzoa, but this is probably due to the 
more careful scrutiny to which this country has been subjected. 

The Tunicata are cosmopohtan in their distribution, and are 
found in all seas, the Mediterranean appearing to be especially 
rich in members of this class. Four genera are pelagic in their 
habits, and several are found in the Arctic Regions. 

The BracMopoda, though of very partial occurrence, have a 
wide range in space, being found both in tropical seas, and in 
the Arctic Ocean. Their bathymetrical range is also very 
wide, extending from the littoral zone, almost to the greatest 
depths at which animal life has hitherto been detected. 

Distribution op Molluscoida m Time. — The Polyzoa have 
left abundant traces of their past existence in the stratified 
series, commencing in the Lower Silurian Bocks and extending 
up to the present day. The Oldhamia of the Cambrian Bocks 
of Ireland, and the GraptoUtes have been supposed to belong 
to the Polyzoa, but the former is very possibly a plant, and the 
latter should be referred to the Hydrozoa, Of undoubted Po' 
lyzoa, the marine orders of the Cheilostomata and Cychstomata 
are alone known with certainty to be represented. Several 
Palaeozoic genera, such as Fenestella (the Lace-coral), PtUo' 
dictya, Ptihpora, &c, are exclusively confined to this epoch, 
and do not extend into the Secondary Rocks. Amongst the Me- 
sozoic formations, the Chalk is especially rich in Polyzoa, over 
two hundred species having been already described from this 
horizon alone. In the Tertiary period, the Coralline Crag 
(Pleiocene) is equally conspicuous for the great number of 
the members of this class. 

The Tunicata, from the nature of their bodies, are not known 
to occur in a fossil condition. 

The Brachiopoda are found from the Cambrian Rocks up to 
the present day, and present us with an example of a group 
which appears to be slowly dying out. Nearly two thousand 
extinct species have been described, and the class appears to 
have attained its maximum in the Silurian epoch, which is, 
for this reason, sometimes called the *Age of Brachiopods.' 
Numerous genera and species are found also in both the De- 
vonian and Carboniferous Formations. In the Secondary 
Rocks Brachiopoda are still abundant, though less so than in 
the Palaeozoic period. In the Tertiary epoch a stiU farther 
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diminution takes place, and at the present day we are not 
acquainted with a hundred living forms. Of the families of 
Brachi/ypoda, the Proditctidce, Strophomenidce and Spiriferidce 
are the more important extinct types. Of the genera, the 
most persistent is the genus Lingula^ which commences in the 
Cambrian Rocks, and has maintained its place up to the pre- 
sent day, though it appears to be gradually dying out. 

According to Woodward : — * the hingeless genera attained 
their maximum in the Palaeozoic age, and only three now sur- 
vive {Lingula^ Discina, Crania) — the representatives of as 
many distinct families. Of the genera with articulated valves, 
those provided with spiral arms appeared first, and attained 
their maximum while the Terehrainlidce were still few in num- 
ber. The subdivision with calcareous spires disappeared with 
the Liassic period, whereas the genus Rhyiichonella still exists. 
Lastly, the fypical group, TerebratuUdce, attained its maximam 
in the Chalk period and is scarcely yet on the decline.' 
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MOLLUSC A PROPER. 



CHAPTER XLVI. 

LAMELLIBRANCHIA TA. 

Division II. Mollusca Proper. — This division includes those 
members of the sub-kingdom Mollusca, in which the nervous 
system consists of three jprincipal jpairs of ganglia ; and there is 
always a well developed heart, which is never composed of fewer 
than two chambers. 

The Mollusca proper may be roughly divided into two great 
sections, respectively termed the Acephala and the Uncephala 
(or Cephalophora), characterised by the absence or presence of 
a distinctly differentiated head. The headless, or Acephalous, 
Molluscs correspond to the class Lamellihranchiata ; also distin- 
guished, at first sight, by the possession of a bivalve shell. 
The Encephalous Molluscs are more highly organised, and are 
divided into three classes, viz. the Gasteropoda, the Pteropoda^ 
and tbe Cephalopoda, The shell in these three classes is of 
very various nature, but they all possess a singular and com- 
plicated series of lingual teeth; hence they are grouped together 
by Professor Huxley under the name of Odontophora, 

Class I. Lamellibranchiata, or Conchifera. — The members 
of this class are characterised by the absence of a distinctly 
differentiated head, and by having the body more or less com- 
pletely protected in a bivalve shell. There are two lamellar 
gills on each side of the body, the intestine has a neural flexure, 
and there is no odontophore. 

The LamieUihranchiata are commonly known as the bivalve 
shell-fish, such as Mussels, Cockles, Oysters, Scallops, Ac, and 
they are all either marine or inhabitants of fresh water. 

Though they agree with the Brachiopoda in possessing a 
shell which is composed of two pieces or valves, there are, 
nevertheless, many points in which the shell of a Lamellibranch 
is distinguishable fit)m that of a Brachiopod, irrespective of the 
great difference in the structure of the animal in each. The 
shell in the Brachiopoda, as we have seen, is rarely, or never, 
quite equivalve, and always has its two sides equally developed 
(equilateral) ; whilst the valves are placed antero-posteriorly 
as regards the animal, one in front and one behind, so that 
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they are 'dorsal ' and 'ventral.' In the Lamellihranchiataj on 
the other hand, the two valves are usually of nearly equal size 
(equivalve), and are more developed on one side than on the 
other (inequilateral) ; whilst their position as regards the ani- 
mal is always lateral, so that they are properly termed ' right * 
and * left * valves, instead of ' ventral * and * dorsal.* 

The following are the chief points to be noticed in connection 
with the shell of any Lamellibranch. Each valve of the shell 
may be regarded as essentially a hollow cone, the apex of 
which is turned more or less to one side ; so that more of the 
shell is situated on one side of the apex than on the other. 
The apex of the valve is called the ' umbo,* or ' beak,* and is 
always turned towards the mouth of the animal. Conse- 
quently, the side of the shell towards which the umbones are 
turned is the * anterior ' side, and it is usually the shortest half 
of the shell. The longer half of the shell, from which the um- 
bones turn away, is called the * posterior * side, but in some 
cases this is equal to, or even shorter than, the anterior side. 
The side of the shell where the beaks are situated, and where 
the valves are united to one another, is called the * dorsal * side, 
and the opposite margin, along which the shell opens, is called 
the * ventral * side, or *base.* The length of the shell is mea* 
sured from its anterior to its posterior margin, and its breadth 
from the dorsal margin to the base. 

At the dorsal margin the valves are united to one another 
for a shorter or longer distance, along a line, which is called 
the ' hinge-line.* The union is effected in most shells by means 
of a series of parts which interlock with one another (the 
* teeth'), but these are sometimes absent, when the shell is 
said to be 'edentulous.* Posterior to the umbones, ia most 
bivalves, is another structure passiQg between the valves, which 
is called the ' ligament,* and which is usually composed of two 
parts, either distinct or combined with one another. These 
two parts are known as the * external ligament * (or the liga- 
ment proper) and the 'cartilage,' and they constitute the 
agency whereby the shell is opened, but one or other of them 
may be absent. The ligament proper is outside the shell, and 
consists of a band of homy fibres, passing from one valve to 
the other just behind the beaks, in such a manner that it is 
put upon the stretch when the shell is closed. The cartila^, 
or internal hgament, is lodged between the hinge-lines of the 
two valves, generally in one or more 'pits,' or in special pro- 
cesses of the shell. It consists of elastic fibres placed perpen- 
dicularly between the surfaces by which it is contained, so that 
they are necessarily shortened and compressed when the valves 
are shut. To open the shell, therefore, it is simply necessary 
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for the animal to relax tlie muscles which are provided for the 
closure of the valves, whereupon the elastic force of the liga- 
ment and cartilage is sufficient of itself to open the shell. 

The body in the LamelUbranchiata is always enclosed in an 
expansion of the dorsal integument, which constitutes the 
'mantle' or 'pallium,* whereby the shell is secreted. The 
lobes of the mantle are right and left, and not anterior and 
posterior as are the mantle-lobes of the Brachiopoda, Towards 
its circumference the mantle is more or less completely united 
to the shell, leaving in its interior, when the soft parts are re- 
moved, a more or less distinctly impressed line, which is called 
the 'palHal line,* or 'impression.' 

There is no distinctly diflPerentiated head in any of the LO' 
mellibranchiata, and the mouth is simply placed at the ante- 
rior extremity of the body. It is furnished with membranotis 
processes or ' palpi ' (usually four in number), but there is no 
dental apparatus. The mouth opens into a gullet, which con- 
ducts to a distinct stomach. The intestine has its first flexure 
neural, perforates the wall of the heart, and terminates pos- 
teriorly in a distinct anus, which is always placed near the 
respiratory aperture. The liver is large and well developed. 

There is always a distinct heart, composed either of an au- 
ricle and ventricle, or of two auricles and a ventricle. The 
ventricle propels the blood into the arteries, by which it is 
distributed through the body. From the arteries it passes 
into the veins, and is conducted to the gills, where it is aerated, 
and is finally returned to the auricles. 

The respiratory organs in all the Lamellibranchiata consist 
of two lamelliform gills, placed on each side of the body. The 
gills are in the form of membranous plates, composed usually 
of tubular rods, which support a network of capillary vessels, 
and are covered with vibrating cilia, whereby a circulation of 
the water is maintained over their surfaces. In some bivalves 
the margins of the mantle are united to one another, so that a 
closed branchial chamber is produced, and in the others the 
arrangements for the admission of fresh, and the expulsion of 
efiete, water are equally perfect, though there is no such 
chamber. In those in which the mantle-lobes are united at 
their margins, there are two orifices, one of which serves to 
admit fresh water, whilst the effete water is expelled by the 
other. The margins of these ' inhalent ' and ' exhalent ' aper- 
tures are often drawn out and extended into long muscular 
tubes or ' siphons,' which may be either free, or may be united 
to one another along one side, and which can usually be, par- 
tially or entirely, retracted within the shell by means of special 
muscles, called the ' retractor-muscles of the siphons.' These 
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siphons are more especially cbaracteriatio of those Lamelli* 
brancha which spend their ezisteDce buried in the sand, pro- 
truding their reapiratory tubes in order to obtain water, and 
with, it such nutrient particles as the water may contain. 
The presence or absence of retractile siphons can be readily 
determined merely by inepection of the dead shell. In those 
bivalves in which siphons are not present, or if present are 
not retractile, the ' pallial line ' in the interior of the shell is 
unbroken in its curvature, and presents no indentation (Jn/e- 
gro-paUialia). In those, on the other hand, in which retmctile 
siphons exist, the pallial line does not run in an unbroken 
curve, but is deflected inwards posteriorly, so as to forni an 
indentation, or bay, which is termed the 'pallial sinus,' or 
* siphonal impression,' and is caused by the insertion of the 
retractor-muacle of the siphon. Those bivalves in which this 
sinus exists form the section Sinu-pallialia (Jig. 76). 




The nervous system of the LameUibra/achiata is composed 
of the three normal ganglia — the cephalic, the pedal, and the 
parieto- splanchnic, or branchial. 

The majority of the bivalves are dicecions, but in some the 
sexes are united in the same individual. The young a.ve 
hatched before they leave the parent, and are, when first libe- 
rated, cihated and &ee-swimming. 

The muscular system of the Lamellibranchs is well deve- 
loped. Besides the muscular margin of the mantle, and the 
muscles of the siphons (when these exist), there are also pre- 
sent other muscles, of which the most important are the 
muscles which close the shell, and those which form the 'foot.' 
The ' foot ' is present in the majority of bivalves, though it is 
not such a striking feature as in the Gaeleropoda. It is essen- 
tially a moscnlar organ, developed upon the ventral surface of 
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tlie body, its retractor-muscles nsnally leaving distinct impres- 
sions, or scars (the * pedal impressions *) in the interior of the 
shell. In many, the foot subserves locomotion, but in the at- 
tached bivalves it is rudimentary. In some — such as the ordi- 
nary Mussel -.the foot is subsidiary to a special gland, which 
secretes the tuft of silky threads ('byssus'), whereby the 
shell is attached to foreign objects. This gland secretes a 
viscous material, which the foot moulds into threads. 

The valves of the shell are brought together by one or two 
muscles, which are called the ' adductor muscles * — those bi- 
valves with only one being called Monomyaria^ whilst those 
which possess two are termed Dimyaria, In most there are 
two adductor muscles passing between the inner surfaces 
of the valves, one being placed anteriorly in front of the 
mouth, the other posteriorly on the neural side of the intes- 
tine. In the monomyary bivalves the posterior adductor is 
the one which remains, and the anterior adductor is absent. 
The adductors leave distinct * muscular impressions ' in the 
interior of the shell, so that it is easy to determine whether 
there has been one only, in any given specimen, or whether 
two were present. 

The habits of the Lmnellibra/nchiata are very various. Some, 
such as the Oyster (Ostrea), and the Scallop (Pecten), habi- 
tually lie on one side, the lower valve being the deepest, and 
the foot being wanting, or rudimentary. Others, such as the 
Mussel (MytdiLs), and the Pinna, are attached to some foreign 
object by an apparatus of threads, which is called the * byssus,' 
and is secreted by a special gland. Others are fixed to some 
solid body by the substance of one of the valves. Many, such 
as the Myas, spend their existence sunk in the sand of the sea- 
shore, or in the mud of estuaries. Others, as the Pholad4s 
and Lithodonii, bore holes in rock or wood, in which they live. 
Finally, many are permanently free and locomotive. 

The Lamellibranchiata are divided into two sections, accord- 
ing as respiratory siphons are absent or present, as follows : — 

Section A. Asiphonida. — Animal without respiratory siphons ; 
mantle-lobes free ; the pallial line simple and not indented (ik- 
tegrO'jpalUalia) . 

This section comprises the families Ostreidce, Aviculidce^ My- 
tilidoB, ArcadcB, Trigoniadce, and UnionidoB, 

Section B. Siphonida. — ^Animal with respiratory siphons; 
mantle-lobes more or less united. 

Two subdivisions are comprised in this section. In the 
first the siphons are short, and the pallial line is simple {IntegrO' 
palilalia) ; as is seen in the families Chamidoe,, HippuriUdm, 
Tridacnidce, Cardiadoe, Lucimdce, GycladidcB, and Cyprmidce. 
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The second subdivision (Siivu-paUialia) is distingnislied 
by the possession of long respiratory siphons, and a sintiated 
pallial line, and it comprises the families Veneridce, Mactrtdce, 
TeUinidce, 8olen,idcB, Myacidw, AnatinidoB, Oastrochoenidce, and 
PholadidoB. . 

SYNOPSIS OF THB FA.MILIBS OF THB LAMELLIBRANCHIATA. 

Section A. Asiphonida. 

Fam. 1. Oatreida. — Shell inequivalTe, slightly inequilateral, free 
or attached; hinee usually edentulous. Ligament internal. 
Lobes of the mantle entirely separated ; the foot small and byssi- 
ferous, or wanting. A single adductor. HI. Gen. Ostrea, Pecten, 
Spondylua^ ^'c. 

Fam. 2. Aviculida. — Shell inequivalve, very oblique, attached by a 
byssus ; hinge nearly, or quite, edentulous. Mantle-lobes free ; 
anterior adductor small, leaving its impression within the umbo ; 
posterior adductor large and sub-central. Foot small. 111. Gen. 
Avicula, Inoceramus, Pinna. 

Fam. 3. idyiilidcB. — Shell equivalve, umbones anterior, hinge eden- 
tulous; anterior muscular impression small, posterior large. 
Shell attached by a byssus. Mantle-lobes united between the 
siphonal apertures. Foot cylindrical, grooved, and byssiferouB. 
III. Gen. MytiluSy Modiola, Dreissena. 

Fam. 4. ArcadcB. — Shell equivalve ; hinge long, with many oomb- 
like equal teeth. Muscular impressions nearly equal. Mantle- 
lobes separated ; foot large, bent, and deeply grooved. III. Gen. 
Area, Pectuncufus, Cucuttaa. 

Fam. 6. TrigoniacUe. — Shell equivalve, trigonal; hinge-teeth few, 
diverging ; umbones directed posteriorly. Mantle open ; foot 
long and bent. 111. Gen. Trigonia, Aanntts, 

Fam. 6. Unionida. — Shell usually equivalve, with a large external 
ligament. Anterior hinge-teeth thick and striated ; posterior 
laminar, or wanting. Mantle-lobes united between the siphonal 
apertures. Foot very large, compressed, byssiferous in the fry. 
III. Gen. Unio, Anodon, MuUeria. 
Section B. Siphonida. 

Stibdivision 1. Integro-pallialia. — Siphons short, pallial line simple. 

Fam. 7. ChamidcB. — Shell inequivalve, attached ; hinge-teeth 2-1 
(two in one valve and one in the other^. Adductor impressions 
large. Mantle closed ; pedal and sipnonal orifices small and 
nearly equal. Foot very small. 111. Gen. Chama, Diceras, 

Fam, 8. Hippuritida. — * Shell inequivalve, unsymmetrical, thick, 
attached by the right umbo; umbones frequently camerated*; 
structure and sculpturing of valves dissimilar ; ligament internal ; 
hinge-teeth 1-2 ; adductor impressions 2, large, those of the left 
valve on prominent apophyses ; pallial line simple, sub-marginal.* 
— (Woodward.) 111. Gen. Hippurites, Radiolites, Caprindla. 

Fam. 9. Tridacnida. — Shell equivalve ; ligament external ; muscular 
impressions blended, sub-central. Animal attached by a byssns, 
free. Mantle-lobes extensively united ; pedal aperture large ; 
siphonal orifices surrounded by a thickened pallial border. Foot 
finger-like and byssiferous. fll. Gen. Tndacna. 

Fam. 10. CardiadcB. — Shell equivalve, heart-shaped, with radiating 
ribs; cardinal teeth 2 ; lateral teeth 1-1, in each valve. Mantle 
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open in front, siphons usually very short; foot large, sickle- 
shaped. III. Gen. Cardium, Hemicardimn, Conocardium. 

Fam. 11. LudnidcB. — S.iell. orbicular, and free; hinge-teeth 1 or 2 ; 
lateral teeth 1-1, or obsolete. Mantle-lobes open below, with one 
or two siphoDal orifices behind; foot elongated, cylindrical, or 
strap-shaped. III. G-en. Lucina, IHplodontat Kdlia. 

Fam. 12. CycUudidm. — Shell sub-orbicular, closed ; hinge with car- 
dinal and lateral teeth ; ligament external. Mantle open in front; 
1-2 siphons, more or less united. Foot large, tongue-shaped. 
III. Gen. CyclaSy Cyrena. 

Fam. 13. Cyprinida.—^^iQW equi valve, closed; ligament external; 
cardinal teeth 1-3 in each valve, and usually a posterior tooth. 
Mantle-lobes united behind by a curtain pierced with two siphonal 
orifices. Foot thick, and tongue-shaped. 111. Gen. Cyprina^ 
Asiarte, Isocardia. 
Subdivision II. Sinu-pallicUia. — Eespiratory siphons large; pallial 
line sinuat^ed. 

Fam. 14. Venerida. — Shell regular, sub-orbicular or oblong; liga- 
ment external ; hinge with usually 3 diverging teeth in each valve. 
Animal usually free and locomotive ; mantle with a rather large 
anterior opening; siphons unequal, more or less united. Foot 
tongue-shaped, compressed, sometimes grooved and byssiferous. 
111. G^n. Ventts, Cytherea^ Venerupis. 

Fam. 15. MactridtB. — Shell equivalve, trigonal; hinge with two 
diverging cardinal teeth, and usually with anterior and posterior 
lateral leeth. Mantle more or less open in front ; siphons united, 
with fringed orifices; foot compressed. 111. Gen. Mactra, 
Lutraria. 

Fam. 16. Tdlinida. — Shell free, usually equivalve and closed; 
cardinal teeth 2 at most, laterals 1-1, sometimes wanting. Liga- 
ment on the shortest side of the shell, sometimes internal. Mantle 
widely open in front. Siphons separate, long and slender ; foot 
tongue-shaped, compressed. 111. Gen. Thllina, Faammolna, 
Donax. 

Fam. 17. Solenida. — Shell elongated, gaping at both ends ; ligament 
-external; hinge-teeth usually 2-3. Siphons short and united 
(in the long-shelled genera), or longer and partly separate (in the 
genera with shorter shells). Foot very large and powerful. Gills 
prolonged into the branchial siphon. III. Gen. Soleny CidteUua, 
Solecurtus. 

Fam. 18. Myadda. — Shell gaping posteriorly. Mantle almost 
entirely closed ; siphons united, partly or wholly retractile. Foot 
very smalL 111. Gen. Mya^ Panopteaf Glycimeris. 

Fam. 19. Anatinida. — Shell often inequivalve, with an external 
ligament. Mantle-lobes more or less united ; siphons long, more 
or less united. Foot smalL 111. Gen. Anatina, Pholadomya^ 
Myochama. 

Fam. 20. Gastrochanida. — Shell equivalve, gaping, with thin eden- 
tulous valves, sometimes cemented to a calcareous tube. Mantle- 
margins thick in front, united, with a small pedal aperture. 
Siphons very long, united. Foot finger-shaped. 111. Gen. Gaatro- 
cnitna, Saxicava, Asperyillwn, 

Fam. 21. Pholadids. — Shell gaping at both ends, without hinge or 
ligament, often with accessory yalres. Animal club-shapS or 
VOL. I. S 



\ 



258 MAKUAL OF ZOOLOOT. 

worm-like, with a short, truncated foot. Mantle closed in ftont 
Siphons long, united to near their extremities. 111. Gen. PMas, 
XylophagOf Ttredo, 



CHAPTER XLVn. 

GASTEROPODA. 



Division Encephala or Cephalophora. — The remaming three 
classes of the Mollusca proper all possess a distinctly differen- 
tiated head, and are all provided with a peculiar masticatoTy 
apparatus, which is known as the * odontophore.* Fop the 
first of these reasons they are often grouped together mider 
the name Eficephala; and for the second reason they are 
united by Huxley into a single great division, under the name 
of Odontophora, Whichever name be adopted, the three classes 
in question (viz. the Gasteropoda, Pteropoda and Cephalopoda) 
certainly show many points of affinity, and form a very natural 
division of the Mollvsca, The Pteropoda, as being the lowest 
class, should properly be treated of first, but it will conduce 
to a clearer understanding of their characters, if the Gasteropoda 
are considered first. 

Class II. Gasteropoda. — The members of this class are 
characterised by being never included in a bivalve shell ; loco- 
motion being effected by means of a broad, horizontally flat- 
tened ventral disc — the *foot' — or by a vertically flattened, 
ventral, fin-like organ. Flexure of intestine haemal or neural. 

This class includes all those Molluscous animals which are 
commonly known as ' univalves,' such as the land-snails, sea- 
snails, whelks, limpets, &c. The shell, however, is sometimes 
composed of several pieces (multi valve), and in many thero 
is either no shell at all, or nothing that would be generally 
recognised as such. In none is there a bivalve shell. 

In their habits the Gasteropods show many differences, 
some being sedentary, but the great majoriiy being free and 
locomotive. In these latter, locomotion may be effected by 
the successive contractions and expansions of a muscular foot ; 
but some possess the power of swimming fireely by ib.ean8 of 
a modified fin-like foot. 

In most of the Gasteropoda the body is unsymmetrical, and is 
coiled up spirally, * the respiratory organs of the left side being 
usually atrophied.' — (Woodward.) The body is enclosed in a 
' mantle,' which is not divided into two lobes as in the LameU 
lihra/nchiata, but is continuous round the body. Locomotion 
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IS effected by means of the * foot/ whicli is nsually a broad 
muscnlar disc, developed upon the ventral surface of the 
body, and not exhibiting any distinct division into parts. In 
the Heterojpoda, however, the foot exhibits a division into three 
portions — an anterior, the *propodium;' a middle, the *meso- 
podium;' and a posterior lobe, or ' metapodium.' 

In others, again, the upper and lateral sur&ces of the foot 
are expanded into muscular side-lobes, which are called * epi- 
podia.' In many cases the metapodium, or posterior portion 
of the foot, secretes a calcareous, homy, or fibrous plate, 
which is called the * operculum,' and which serves to close the 
orifice of the shell when the animal is retracted within it. 

The head in most of the Gasteropoda is very distinctly 
marked out, and is provided with two tentacles and with two 
eyes, which are often placed upon long stalks. The mouth is 
sometimes furnished with horny jaws, and is always provided 
with a singular masticatory apparatus, called the * tongue,* or 
* odontophore.* * It consists essentially of a cartilaginous 
cushion, supporting, as on a pulley, an elastic strap, which 
bears a long series of transversely disposed teeth. The ends 
of the strap are connected with muscles attached to the upper 
and lower surface of the hinder extremities of the cartilaginous 
cushions ; and these muscles, by their alternate contractions, 
cause the toothed strap to work backwards and forwards over 
the end of the pulley formed by its. anterior end. The strap 
consequently acts, after the fashion of a chain-saw, upon any 
substance to which it is applied, and the resulting wear and 
tear of its anterior teeth are made good by the incessant 
development of new teeth in the 

secreting sac in which the hinder /^^|tri5\?^X 

end of the strap is lodged.* — y-^^^i^Cv^^ 

(Huxley.) The teeth of the f/^ ^^>5\ 

odontophore (' lingual teeth') are /^v vx\ 

composed of silica, and are //^ ^s\ 

usually arranged in a central (y \^ 

(' rachidian '), ai;d two lateral pig. 77.— Part of the Ungual ribbon or 

('pleural') rows. The mouth odo^phore of raZwrfai>ac»»a/«, mag- 
leads by a gullet into a distinct 

stomach, which is sometimes provided with calcareous plates 
for the trituration of the food. The intestine is long, and (ts 
first flexure is commonly ' hssmal,' or towards that side of t\ie 
body on. which the heart is situated; though in some the 
flexure is ' neural.' Distinct salivary glands are usually pre- 
sent, and the liver is well developed. 

A distinct heart is usually present, composed of an auricle 

a2 
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and ventricle. Bespiration is very varionsly effected ; one 
great division (BrcmchiogcLsteropoda) being constracted to 
breathe air by means of water; whilst in another section 
(Pulmogasteropoda) the respiration is aerial. In the former 
division respiration may be effected in three ways. Firstly, 
there may be no specialised respiratory organ, the blood being 
simply exposed to the water in the thin walls of the mantle- 
cavity (as in some of the Heteropoda). Secondly, the respira- 
tory organs may be in the form of outward processes of the 
integument, exposed in tnfbs on the back and sides of the 
animal (as in the Nvdibranchiata). Thirdly, the respiratory 
organs are in the form of pectinated or plume-like branchiae, 
contained in a more or less complete branchial chamber formed 
by an inflection of the mantle. In many members of this last 
section, the water obtains access to the gills by means of a 
tubular prolongation or folding of the mantle, forming a 
' siphon,' the effete water being expelled by another posterior 
siphon similarly constructed. In the air-breathing Grastero- 
pods, the breathing-organ is in the form of a pulmonary 
chamber, formed by an inflection of the mantle, and having a 
distinct aperture for the admission of air. 

The nervous system in the Gasteropoda has its normal com- 
position of three principal pairs of ganglia, the supra-oesophageal 
or cerebral, the infra-oesophageal or pedal, and the parieto* 
splanchnic ; but there is a tendency to the aggregation of these 
in the neighbourhood of the head. The organs of sense are 
the two eyes, and auditory capsules placed at the bases of the 
tentacles, the latter being tactile organs. 

The sexes are mostly distinct, but in some they are united 
in the same individual. The young, when first hatched, are 
always provided with an embryonic shell, which in the adnlt 
may become concealed in a fold of the mantle, or may be 
entirely lost. In the branchiate G^teropods the embryo is 
protected by a small nautiloid shell, within which it can en- 
tirely retract itself; and it is enabled to swim freely by means 
of two ciliated lobes arising from the sides of the head ; thus, in 
many respects, resembling the permanent adidt condition of 
the Pteropoda. 

Shell of the Gasteropoda, — The shell of the Gasfceropods is 
composed either of a single piece (univalve), or of a number 
of plates succeeding one another from before backwards (mnl- 
tivalve). The univalve shell is to be regarded as essentially a 
cone, the apex of which is more or less oblique. In the 
simplest form of the shell the conical shape is retained without 
any alteration, as is seen in the conmion Limpet (Patella), 
In the great majority of cases, however, the cone is con- 
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Biderably elongated, bo as to form a tube, which may retain this 
shape (as in Detilalivm), but is usually coiled up into a epiral. 
The 'spiral univalve' may, in fact, 
be looked upon as the typical form 
of the shell in the GagteTopoda. In 
some coses the coils of the shell- 
termed technically the ' whorls ' — 
are hardly in contact with one an- 
other (as in Fermehw.) More com- 
monly the whorla are in contact, 
and are so amalgamated that the 
inncp side of each oonvolntion is 
formed by the pre-existing whorl. 
In some cases, the whorla of the 
shell are coiled round a central axis ''^°^- ' ' ""^"^ ' ^•*'^'«p^- 
in tJie game plane, when the shell is said to be ' discoidal' (as 
in the common fresh- water shell PloMyrbis) . In most cases, 
however, the whorls are wound round an axis in an oblique 
manner, a true spiral being formed, and the shell becoming 
* tnrreted,' ' trochoid,' ' turbinated,' &c. This last form is the 
one which may be looked upon as most characteristic of the 
Giaateropods, the shell being composed of a number of whorla, 
passing obliquely round a central axis, or 'colamella.,' having 
the embryonic shell, or 'nucleus,' at its apex, and having the 
mouth, or 'aperture,' of the shell placed at the extremity of 
the last and largest of the whorls, termed the ' body- whorl.' 
The linesor groovea formed by the junction of the whorls are 
termed the ' sntnrea,' and the whorls above the body-whorl 
constitute the 'spire' of the shell. The axis of the shell (co- 
Inmella) round which the whorls are coiled ia nanally solid, 
when the shell is said to be ' imperforate ;' but it is sometimes 
hollow, when the shell is said to be 'perforated,' and the aper- 
ture of the axis near the mouth of the shell is called the 
'nmbihcus.' The mai^in of the 'aperture' of the shell is 
termed the ' peristome,' and is composed of an outer and inner 
lip, of which the former is often expanded or iiinged with 
spines. When these expansions or fringes are periodically 
formed, the place of the month of the shell at different stages 
of its growth is marked by ridges or rows of spines, which 
cross the whorls, and are called 'varices.* In most of the 
phytophagons Gasteropods {Holostomata) the aperture of the 
shell (fig. 79) is nnbrokenly round, or ' entire,' but in the car- 
nivorous forms (SiphonosloTnata') it ia notched, or produced 
into a canal. Often there are two of these canals, an anterior, 
and a poaterior, but they do not necessarily indicate the nature 
of the food, as their function is to protect the respiratory 
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Biphons. The animal withdraws into its shell by a retractor- 
mnscle, which passes into the foot, or is attached to the oper- 
calnm ; its scar or impression being placed, in the spiral uni- 
valves, upon the columella. 

In the multivalve Gasteropods, the shell is composed of 
eight transverse imbricated plates, which succeed one another 
from before backwards. 



% 



CHAPTER XLVm. 

DIVISIONS OF THE GASTEROPODA. ^ 

The Gasteropoda are divided into two primary sections, or 
sub-classes, according as the respiratory organs are adapted 
for breathing air, directly, or dissolved in water : termed re- 
spectively the Pulmonifera, or Puhnogasteropoda, and the 
Branchifera, or Branchiogasteropoda, 

Sub-class A. Branchifera, or Branchiogasteeopoda. — 
In this sub-class respiratimi is aquatic^ effected by the tbin 
walls of the mantle- cavity, by external branchial tufbs, op by 
pectinated, or plume-Hke gills, contained in a more or leas 
complete branchial chamber. Flexure of intestme hcenud. ' 

This sub- class comprises three orders, viz. the Proso^ 
hranckiata, the OpisthohrancMata, and the NiAcleohroMchiata 
or Heteropoda. 

Order I. PROSOBRANCHUTA.-«-The members of this order are 
defined as follows : — * Abdomen well developed, and protected 
by a shell, into which the whole animal can usually retire. 
Mantle forming a vaulted chamber over the back of the head, 
in which are placed the excretory orifices, and in which the 
branchiae are almost always lodged. Branchice pectinated or 
plume-like, situated (proson) in advance of the heart. Sexes 
distinct.' — (M.-Edwards. See Woodward's MaMttal,) 

The order Prosohranchiata includes all the most charac- 
teristic members of the Branchiate Grasteropods, and is divisible 
into two sections, termed respectively Siphonostomata and 
Holostomata, according as the aperture of the shell is notched 
or produced into a canal, or is simply rounded and * entire.' 

The Siphonostomata, of which the Common Whelk (^Bttcci^ 
num undatum) may be taken as an example, are all marine 
and are mostly carnivorous in their habits. The following 
families are comprised in this section: — Stromhidoe (Wing- 
shells), Muricidce, Buccinidce (Whelks), Gonidas (Cones), Vo^ 
Midas, and Cyprceidai (Cowries), 
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. Tte Hologtomata, of which the Common Periwinkle (Litto- 
rina Utlorea) is a good example, are either spiral, or limpeU 




shaped, in some few instances tubular, or maltivalve ; the aper- 
ture of the shell being in moat ca^ee entire. Tbey are mostly 
plant-eaters, and they may be either marine or inhabitants of 
fresh water. The following families are included in this sec- 
tion;' — Natiddm, Pyramidellidm, OerUhiadoR, lielamadtB, Turn- 
teUidcE, lAttorinidce (PeriwinkleB), Faludinidce (River- snails), 
NerMdeE, Turbimdm (Top-shells), Halwtida (Bar-shells), Fis- 
sureliida (Key-hole Limpets), CalyptrtBidcB (Btmnet Limpets), 
PatellidcB (Limpete), DeKialidte (Tooth- shells), and Chitm^ie. 

Okdbk IL Opisthobiunchuta. This order is defined as 
follows : — 

' Shell rudimentary, or wanting. BranckieB arborescent or 
fasciculated, not confined in a special cavity, but more or less 
completely exposed on the back and sides, towards the rear 
{optsihen) of the body. Sexes united.' — (M.-Edwards. See 
Woodward's Manuai.) 

The Ofiathohraachiata, or ' Sea-slnga,' may be divided into 
two sections, the Tectibramchuita and Nudibranchiata, accord- 
ing as the branchim are protected or are uncovered. 

The first section, that of the TeetHiranehiaia, is distinguished 
hy the &ct that the animal is usually provided with a 
shell, both in the larval and adult state, and that the 
branchin are protected by the shell, or by the mantle. Under 
this family are included the families of the TomateUidie, Bui- 
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lidce (Bubble-shells), Aplysiadce (Sea-hares), TleurobranchicUB 
and Fhyllidiadm, 

In the second section, that of the Nudibrcmchiata^ the aninial 
is destitute of a shell, except in the embiyo condition, and the 
branchiaB are always placed externally on the back or sides of 
the body. This section comprises the families, Doridce (Sea- 
lemons), TritoniadcBf ^olidce, PhyUirhoidcBj BJid Elysiadce, 

Order III. Nucleobranchuta or Heteropoda. — This order 
is defined by the following characteristics : — Animal pro- 
vided with a shell, or not, free-swimming and pelagic ; lo- 
comotion effected by a fin-like tail, or by a fan-shaped, verti- 
cally-flattened ventral fin. 







Fig. 80.— Heteropoda. Carinaria eymbium, p. Proboecis; t. Tentacles; 
b, BranchiflB ; «. Shell ; /. Foot ; d. Disc. (After Woodward.) 

The Heteropoda are pelagic in their habits, and are found 
swimming at the surface of the sea. They are to be regarded 
as the most highly organised of all the Qaateropoda^ at the 
same time that they are not the most typical members of the 
class. Some of them can retire completely within their shells, 
closing them with an operculum, but most have large bodies, 
and the shell is either small or entirely wanting. They swim 
by means of a flattened ventral fin, or by an elongated tail, and 
adhere at pleasure to sea- weed by a small sucker situated on 
the side of the fin. These organs are merely modifications of 
the foot of the ordinary Gasteropods ; the fin-like tail being the 
'metapodium' (as shown by its occasionally carrying an oper- 
culum), the sucker being the *mesopodium,* and tifie ventral fin 
being a modified * propodium.* Hespiration is sometimes carried 
on by distinct branchiaB, but in many cases these are wanting, 
and the function is performed simply by the walls of the pallial 
chamber. 

The Heteropoda are divided into the two families FiroUdm 
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&nd Atla/iitidoB, the former characterised by having a small shell 
covering the circalatory and respiratory organs, or by having 
no shell at all ; whilst in the latter, there is a well developed 
shell, into which the animal can retire, and an opercnlnm is 
often present. 

Sub-class B. Pulmonipera or Pulmogasteropoda. — In this 
sub-class of the Gasteropoda respiration is aerial^ and is carried 
on by an inflection of the mantle, forming a pulmonary cham- 
ber, into which air is admitted by an external aperture. The 
flexure of the intestine is neural^ and the sexes are united in 
the same individual. 

The Fvlmonifera include the ordinary land-snails, slugs, 
pond-snails, Ac, and are usually provided with a well deve- 
loped shell, though this may be rudimentary (as in the slugs), 
or even wanting. Though formed to breathe air directly, 
many of the members of this sub-class are capable of inhabiting 
fresh water. They are divided into two sections as follows : — 

Section I. Inoperculata. — Animal not provided with am, oper- 
eulum to close the shell. In this section are included the fami- 
lies HeliddoB (Land-snails), Idmaddoe (Slugs), OncidiadcBj 
Idmnceid^B (Pond-snails), and Auriculidce, 

Section 11. Operctdaia. — Shell closed hy am, operculum. In 
this section are included the families Cyclostomidce, and Acicu- 
lidce, 

SYNOPSIS OF THB FAMDuIBS OF THE GASTKBOPODA. — (aFTEB WOODWARD.) 

Section A. Branchifeba. Respiration aquatic, by the walls of the mantle- 
cavity, or by branchiae. 
Obdbb I. Pbosobramchiata. The branchiae situated (fi^son) in advance 
of the heart. 
Division a. Siphonostojnata, Margin of the shell-aperture notched or 
produced into a canal, 

Fam, 1. StrombidtB. Shell with an expanded lip, deeply notched 
near the canal. Operculum claw-shaped. Foot narrow, adapted 
for leaping. 111. Gen. Strombus, Pteroceras, 

Fam. 2. Muricida, Shell with a straight anterior canal, the aperture 
entire posteriorly. Foot broad. 111. Gen. Murex, Triton, Pi/rula, 
Fusus. 

Fam. 3. Buccinida. Shell .notched anteriorly, or with the canal 
abruptly reflected, producing a kind of yarix on the front of the 
shell. 111. Gen. JBuecinum, Nassa, Purpura^ Cassis^ Harpa, (Hiva, 

Fam. 4. Conid€B, Shell inversely conical, with a long, narrow aper- 
ture, the outer lip notched at or near the suture. Operculum 
minute, lamellar. IlL Gen. Conus, Pleurototna, 

Fam. 5. VolutidtB. Shell turreted or convolute, the aperture notched 
in front ; the columella obliquely plaited. No operculum. Foot 
veiy large ; mantle often reflected over the shell. 111. Gen. Valuta, 
Mitra, Marginella, 

Fam. 6. Cypr€Bida. Shell convolute, enamelled; spire concealed, 
aperture narrow, channelled at each end. Outer lip thin in the 
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young shell, but thickened and inflected in the adult. Foot broad; 
mantle forming lobes which meet over the back of the shell. HI. 
Gen. CypratLy Ovulum. 
Division h. Holostomata. Margin of the shell-aperture * entire* rarely 
notched or produced into a caned. 

Fam. 1. Naticida. Shell globular, of few whorls, with a small spire, 
outer lip acute, pillar often callous. Foot very large ; mantle-lobea 
hiding more or less of the shell. Gen. Natica, Sigaretus, 

Fam. 2. Pyramidellidig. Shell turreted, with a small aperture, 
sometimes with one or more prominent plaits on the columella. 
Operculum homy, imbricated. HL G^n. PyramideUa^ Chemnitew^ 
EtUima. 

Fam. 3. Cerithiadtf. Shell spiral, turreted ; aperture channelled in 
front, with a less distinct posterior canaL l2p generally expanded 
in the adult. Operculum homy and spiral. lU. Gen. Centhium,^ 
PotamideSf Aporrhais. 

Fam. 4. Melantada. Shell spiral, turreted ; aperture often channelled 
or notched in front ; outer lip acute. Operculum homy and spiraL 
111. Gen. Melania^ Paludamus. 

Fam. 5. Turritellid^. Shell tubular, or spiral, often turreted ; upper 
part partitioned off; aperture simple. Operculum homy, many- 
whorled. Foot very short. Branchial plume single. 111. Gen» 
Iktrritella, Vermetus^ Scalaria. 

Fam. 6. lAttorinida. Shell spiral, top-shaped, or depressed; aper- 
ture rounded and entire ; operculum homy and paud-spiral. HI. 
Gen. Littorina^ Solarium^ Rissoay Phorus. 

Fam. 7. Palvdinid<B. Shell conical or globular; aperture rounded 
and entire ; operculum homy or shelly. 111. Gen. Paludina, Am* 
ptdlaria^ Valvata. 

Fam. 8. Neritida. Shell thick, globular, with a very small spire ; 
aperture semi-lunate, its columellar side expanded ; outer lip acute. 
Operculum shelly, sub-spiral. 111. Gen.' ^eri^a, PiUottiSt Neritina, 

Fam. 9. Turbinidce. Shell turbinated (top-shaped), or pyramidal, 
nacreoife inside. Operculum horny and multi-spiral, or calca- 
reous and pauci-spiral. 111. Gen. Turbo^ Trockus, Delphinula, 
Euomphalus. 

Fa7n. 10. Halioiida. Shell spiral, ear-shaped, or trochoid, aperture 
large, nacreous. Outer lip notched or perforated. No operculnm. 
Mantle-margin with a posterior fold or siphon, occupying the slit 
or perforation in the shell. Metapodium rudimentary. HI. Gen. 
HcUiotis, Sdssurellay Pleurotomaria^ Murchisonia^ lanthina, 

Fam. 11. Fissurellida. Shell conical, patelliform, with a notch in 
the, anterior maigin, or a perforation at its apex, which is occupied 
by an anal siphon. Muscular impression horse-shoe-shaped, open 
in front. 111. Gen. Fiesurelld, Emargimda, Parmophortie, 

Fam. 12. CalyptrceidcB. Shell patelliform, with a more or less spiral 
apex ; interior simple, or divided by a shelly process to which the 
adductor muscles are attached. 111. Gen. Calyptrma^ Pileopsis. 

Fam. 13. Patellida. Shell conical, with the apex turned forwards; 
muscular impression horse-shoe-shaped, open in front. Foot as 
large as the margin of the mantle. Respiratory organ in the form 
of one or two branchial plumes, lodged in a cervical cavity ; or of 
a series of lamellae surrounding the animal between the body and 
the mantle. 111. Gen. Patella^ Acmaa. 

Fam, 14. JDentalida, Shell tubular, symmetrical, curved, open at 
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both ends. Aperture circular. Foot pointed, TFith symmetrical 
side-lobes. Gen. Dentcdium,*- 

Fam. 15. Ckitonida. Shell multiyalve, composed of eight, transverse, 
imbricated plates. Animal with broad creeping foot; branchiae 
forming a series of lamelke between the foot and the mantle, 
round the posterior part of the body. IlL Gen. Chiton, Crypto- 
chiton. 
Order IL Opisthobranchiata. Branchiae placed towards the rear 
(ofisthen) of the body. 
Section a. Tectibranchiata. Branchia covered by the shell or mantle ; 
a shell in most. Sexes united. 

Fam. 1. Tomatellida. Shell external, spiral, or convoluted; aper- 
ture long and narrow; columella plaited. 111. Gen. Tomatella, 
Cintilia. 

Fam. 2. Bullida. Shell convoluted, thin ; spire smell or concealed, 
lip sharp. Animal more or less investing the shell. 111. Gen. 
BiUla, CyHchna, PhUine. 

Fam. 3.. Aplysiada. Shell absent, or rudimentary and concealed by 
the mantle. Animal slug-like, with extensive side-lobes (epipodia) 
reflected over the back and shell. 111. Gen. Aplysia^ Dolabella. 

Fam. 4. Heurobranchida. Shell patelliform, or concealed, rarely 
wanting. Mantle or shell covering the back of the animal. 111. 
Gen. Pleurobranchus, Umbrella, Tylodina. 

Fam. 6. Phvllidiada. Animal shell-less, covered by a mantle. 111. 
Gen. Phyilidia, Diphyllidia. 
Section b. Nudibranchiata. Animal destitute of a shell in the adtdt condi- 
tion. BranchuB external, on the back or sides of the body. 

Fam. 6. Borida. 111. Gen. Boris. 

Fam. 7. Tritoniada. 111. Gen. Tritonia, Scyllaa, 

Fam. 8. Molida. 111. Gen. JEolis, Glaucus, 

Fam. 9. Phvllirhoida. Gen. Phyllirhoe. 

Fam. 10. Juysiada. 111. Gen. Mysia, Acteonia. 
Order III. Nucleobranchiata or Heteropoda. Shell present or 
absent. Animal free-swimming and pelagic, with a fin-like tail, 
or a flattened ventral fin. 

Fam. 1. Firolida. Body large; branchiae exposed on the back, or 
covered by a small hyaline shell : locomotion by means of a ventral 
fin, and a tail-fin. 111. Gen. Carinaria, Firola, 

Fam. 2. Atlantida, Animal furnished with a well developed shell 
into which it can retire. Branchiae contained in a dorsal mantle- 
cavity. Shell symmetrical, discoidal, sometimes witb an operculum. 
111. Gen. Atlanta, Bellerophon, Maclurea, 
Section B. Pxtlmonifera. Respiration aerial, by means of a pulmonary 
chamber. 
Division I. Inopbrculata. Shell not provided with an operculum. 

Fam. 1. Helicidte. Shell external, capable of containing the whole 
animal. 111. Gen. Helix, Bulimus, Clausilia, Pupa. 

Fam. 2. ZAmacida. Shell rudimentary, usually internal or partly 
concealed by the mantle. 111. Gen. lAmax, Parmacella, Testacella. 

Fam. 3. Oncidiada. Shell wanting. Animal slug-like. Gen. On- 
cidium, Vayinulus. 

* Bentalium is placed by Professor Huxley amongst the Pteropoda, from 
its rudimentary head, the neural flexure of the intestine, the nature of the 
epipodia, and the characters of Uie larva. 
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Fam, 4. lAmnaida. Shell thin, horn-coloured, well developed. 

Aperture simple, lip sharp. 111. Gen. Limnaa, Fhysa, Ancylus, 

Planorbis. 
Fam. 5, Auricvlida, Shell spiral, with a horny epidermis ; aperture 

elongated, denticulated. lU. Gen. Auricula^ Canovulus, 
DiYisiON II. Opbbculata. Shdl with an operculum. 

Fam. 6. CychstomicUB. Shell spiral, rarely elongated, often depressed. 

Aperture nearly circular. Operculum spiral. HI. Gen. CycloBtama, 

CydophoruHf Pupina. 
Fam. 7. AcictUida. Shell elongated, cylindrical; operculum th|n, 

and sub-spiral. Gen. Acicuta, Geomdania. 



CHAPTER XLIX. 



FTEROFODA. 

Class III. Pteropoda. The Pteropoda are defined by being 
free cmd pelagic, swimming by means of two wing-like appen- 
dages (epipodia), developed from each side of the anterior 
extremity of the body. The flexure of the intestine is nenral. 
As to the position of the Pteropoda in the MoUuscan scale, 
they must be looked npon as inferior in organisation to any of 
the Oasteropoda, of which class they are often regarded as the 
lowest division. They permanently represent, in fact, the tran- 
sient, larval, stage of the sea-snails. 




Tig. 81. — ^Pteropoda. a. Cleodonipyramidata. h. Cuvieria columnella, 

(After Woodward.) 

The Pteropods are all of small size, and are fonnd swim- 
ming at the surface of the open ocean, often in enormous 
numbers. Locomotion is effected by two wing-like fins, deve- 
loped from the sides of the head, and composed of the greatly 
developed 'epipodia.' The true *foot* is rudimentary and 
rarely distinct, but the ' metapodium ' is sometimes provided 
with an operculum. There is usually a symmetrical glassy 
shell (^fig, 81), either consisting of a dorsal and ventral plate 
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united, or forming a spiral, bnt in some cases the body is 
naked. THe head is rudimentary, and bears the mouth, which 
is occasionally tentaculate, and which is furnished with an 
odontophore. There is a muscular stomach, and a well deve- 
loped liver, and the flexure of the intestine is neural, so that 
the anus is situated on the ventral surface of the body. 

The heart consists of an auricle and ventricle. The respira- 
tory organ is very rudimentary, and consists of a ciliated 
surface, which is either entirely unprotected, or may be 
contained in a branchial chamber. 

The ganglia of the nervous system * are concentrated into 
a mass below the oesophagus ' (Woodward), and the eyes are 
rudimentary. 

The sexes are united in all the Pteropods. 

The Pteropoda are divided into two orders, termed Thecoso^ 
wMa and Gymnosomata ; the former characterised by possess- 
ing an external shell, and an indistinct head ; the latter by 
being devoid of a shell, and by having a distinct head, with 
fins attached to the neck. 

SYNOPSIS OF THE FAMILIES OF THE PTEROPODA, — (AFTEB WOODWAED.) 

Obdeb I. Thbcosomata. 

Animal with an external shell ; head indistinct ; foot and ten- 
tacles rudimentary ; mouth situated in a cavity forme<l by the union 
of the locomotive organs. Eespiratory organs contained within a 
mantle-cavity. 
Fam. 1. HyaleidtB, 

Shell symmetrical, straight or curved, globular, or needle-shaped. 
111. Gen. Hycdea^ Cleodora^ Theca, Contdaria, 
Fam. 2. Limacinida. 

Shell minute, spiral, sometimes operculate. 111. Gen. Limacina, 
Spinalis. 
Obdeb II. Gymnosomata. 

Animal naked, without mantle or shell, head distinct; fins at- 
tached to the sides of the neck ; gill indistinct. 
Fam. 3. diida. 

Body fusiform, foot distinct, with a central and posterior lobe ; 
head with tentacles. 111. Gen. Clioj Pfieumoder?non, 



CHAPTER L. 

CEPHALOPODA. 



Class IV. Cephalopoda. — The members of this class are 
defined hj the possession of eight or more arms placed in a 
circle round the mouth ; the body is enclosed in a muscular 
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mantle-sac, and there are two or four plntne-like gills witbin 
the mantle. There is an anterior tnbular orifice (the ' ia&n- 
dibulam ' or ' fnnnel *), throngh which the efiete water of re- 
spiration is expelled. The fle;nire of the intestine is nearal. 

The Cephalopoda, comprising the Cnttle- fishes, Squids, 
Pearly Nantilos, &c., constitute the most highly organised of 
the claBses of the MoUnsca. They are all marine, and camivo- 
roos, and are possessed of considerable locomotive powers. At 
the bottom of the sea they can walk abont, head downwarda, 
by means of the arms which Bnrroimd the month, and which 
are usually provided with numerous Buckers or ' acetabula.' 
They are, also, enabled to swim, 
I partly by means of lateral «x- 
/ pansions of the integoment or 
fins (not always present), and 
partly by means of the forcible 
expfileion of water through the 
tnbniar 'fannel,' the reaction 
of which caneeB the animal to 
move in the opposite direction. 
The majority of the living 
Cephalopods are naked, pos- 
sessing only an internal skele- 
ton, and this often a nidimen- 
tary one ; but the Argonant 
(Paper Nautilus), and the 
Pearly Nautilus, are protected 
with an external shell, through 
the nature of this is extremely 
different in the two forms. 

The integument in theCattle- 
fiahes is provided with snme- 
rons little sacs, containing pig. 
ment-granules of difierent colours, and termed ' chromato- 
phores.' By means of these many species can change their 
colours rapidly, under irritation or excitement. 

The body in the Cephirhpoda is symmetrical, and is en- 
closed in an integument which may be regarded as a modifica- 
tion of the mantle of the other MoUusca. Ordinarily there is 
a tolerably distinct separation of the body into an anterior ce- 
phalic portion {prosoma), and a posterior portion, enveloped 
in the mantle, and containing the viscera (metasoma). The 
head is very distinct, bearing a pair of large globular eyes, and 
having the mouth in its centre. The mouth is snrronnded 
by a circle of eight, ten, or more, long muscular processes, or 
' arms,' which ai« generally provided with rows of sockera. 
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Each sucker, or * acetabulum/ consists of a cup-shaped cavity, 
the muscular fibres of which converge to the centre, where 
there is a httle muscular eminence or papilla. When the * 
sucker is applied to any surface, the contraction of the ra- 
diating muscular fibres depresses the papilla so as to produce 
a vacuum below it, and in this way each sucker acts most 
efficiently as an adhesive organ. In some forms (Decapoda) 
the base of the papilla, or piston, is surrounded by a horny 
dentated ring, and in some others (as in Onychoteuthis) the 
papillsB are produced into long claws. In the Octopod Cuttle- 
fishes there are only eight arms, and these are all nearly alike. 
In the Decapod Cuttle-fishes there are ten arms, but two of 
these — called * tentacles,' — are much longer than the others 
and bear suckers only at their extremities, which are enlarged 
and club-shaped. In the Pearly Nautilus, the aims are nume- 
rous, and are devoid of suckers. 

The arms are really produced by an extension of the mar- 
gins of the ' foot,* or of the part corresponding to the foot of 
the other Mollusca. The * antero-lateral parts of each side of 
the foot extend forwards beyond the head, uniting with it and 
with one another ; so that, at length, the mouth, from having 
been situated, as usual, above the anterior margin of the foot, 
comes to be placed in the midst of it. The two epipodia, on the 
other hand, unite posteriorly above the foot, and where they 
coalesce, give rise either to a folded muscular expansion, the 
edges of which are simply in apposition, as in the Nautilus ; 
or to an elongated flexible tube, the apex of which projects 
beyond the margin of the mantle, called the " fannel," or " in- 
fundibulum," as in the dibranchiate Cephalopoda.^ — (Huxley.) 

The mouth leads into a buccal cavity, containing two 
powerful, homy or partially calcareous, mandibles, working 
vertically like the beak of a bird ; together with an * odonto- 
phore ' or ' tongue,' the anterior part of which is sentient, 
whilst the remainder is covered with recurved spines. The 
buccal cavity conducts by an oesophagus — ^into which salivary 
glands pour their secretion — to a stomach, from which an in- 
testine is continued, with a neural flexure, to open on the 
ventral surface of the animal at the base of the funnel. In 
many cases there is also a special gland, called the * ink-bag,* 
for iJbe secretion of an inky fluid, which the animal discharges 
into the water, so as to enable it to escape when menaced or 
pursued. The duct of the ink-bag opens at the base of the 
funnel ; but this apparatus is entirely wanting in the Tetra- 
branchiate Cephalopods, where in consequence of the presence 
of an external shell, this means of defence is not needed. 

The respiratory organs are in the form of two or four plume- 
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like gills, placed on tlie sides of the body in a branchial cavitj 
which opens anteriorly on the nnder surface of the hodj. At 
the base of each gill, m the Cattle-fishes, is a special contrac- 
tile cavity, whereby the venous blood, returned from the 
body, is driven through the branchisB. In addition to these 
accessory organs — the so-called 'branchial hearts' — there is 
a true systemic heart, by which the aerated blood received 
from the gills is propelled through the body. The admission 
of water to the branchisB is effected by the expansion of the 
mantle so as to allow the entrance of the outer water into the 
pallial chamber. The mantle then contracts, and the water 
is forcibly expelled through the funnel, which is provided 
with a valve permitting the egress of water but preventing 
its ingress. By a repetition of this process, not only is respi- 
ration effected, but locomotion is simultaneously subserved - 
the jets of water expelled from the funnel, by their reaction, 
driving the animal in the opposite direction. 

The nervous system is formed upon essentially the same 
plan as in the other Mollvsca, but it is more concentrated, 
and the supra-oesophageal or cerebral ganglia are protected by 
a cartilage, which is to be regarded as a rudimentary cranium. 
This structure, therefore, presents us with the nearest ap- 
proach which we have yet met with, to the Vertebrate type of 
organisation. 

The sexes in all the Cephalopoda are in different individuals, 
and the reproductive process in the Dibranchiate section of 
the class (Cuttle-fishes) is attended with some very singular* 
phenomena. In this order the ducts of the generative organs 
open into the pallial chamber, and each individual, besides 
the essential organs of reproduction (testis or ovary), gene- 
rally possesses an accessory gland ; that of the female secre- 
ting a viscid material which unites the eggs together, whilst 
that of the male coats the spermatozoa, and aggregates them 
into peculiar worm-like filaments, termed * spermatophores,' 
or the ' moving filaments of Needham.' The spermatophore 
is filled with spermatozoa, and possesses the power of ex* 
panding when moistened, rupturing, and expelling the con- 
tained spermatozoa with considerable force. During the 
congress of the sexes the male transfers the spermatophores to 
the pallial chamber of the female, true intromission not being 
possible. Further, in all the male Cuttle-fishes one of the 
arms is specially modified to subserve reproduction; being 
in many cases so altered as to become useless as a locomotive 
organ. The arm so affected in the more striking forms, is 
said to be * hectocotylised ' and — like the metamorphosed 
palpi of the male spiders — it serves to convey the seminal 
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fluid to the female. The mode in which this is effected varies 
in different species. Thns, in the male Octojpvs (the Ponlpe) 
the third right arm is primitively developed in a cyst, which 
ultimately ruptures and liberates the metamorphosed arm, 
which then appears to be of greater size than the correspond- 
ing arm on the left side, and to terminate in an oval plate 
{fig, 83) . To this terminal plate the spermatophore is probably 
transmitted, but the arm itself remains permanently attached 
to the animal. In Tremoctojpus the third right arm of the 
male is * hectocotylised,' and is converted into a vermiform 
body, with two rows of ventral suckers, and an oval appen- 
dage or sac behind, which contains spermatozoa. Besides the 
suckers, the anterior part of the back is fringed with a number 
of so-called ' branchial ' filaments. 

In the Argonaut the male is not more than an inch in length, 
is devoid of a shell, and has its third left arm hectocotylised. 




Fig. %^.—Odopui earena (male), showing C3r8t in place of the third arm. 2. Ventral 
side of an individual more developed, with Uie hectoootylus (a). (After 
Woodward.) 

This arm is developed in a cyst, which is ruptured by the 
movements of the ' hectoootylus,' which then appears as a 
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small worm-like body, with a filiform appendage in front, with 
two rows of alternating suckers, and a dorsal sac with nume- 
rous ' chromatophores.' The duct of the testis probablj opens 
into the base of the hectocotylus, which is ultimately detached, 
and is deposited by the male within the pallial chamber of the 
female. When first discovered in this position, it was de- 
scribed as a parasitic worm under the name of ' Hectocoiylus;* 
subsequently it was described as the entire male, and it is only 
recently that its true nature has been fully ascertained. 

The shell of the Cephalopoda is sometimes external, sometimes 
internal. The internal skeleton is known as the * cnttle-bone,* 
* sepiostaire,' or * pen * (gladitis), and may be either comeous 
or calcareous. In some cases it is rendered complex by the 
addition of a chambered portion, or 'phragmacone,' which 
is to be regarded as a visceral skeleton, or ' splanchnoskele- 
ton.' In Spirula the phragmacone is the sole internal skele- 
ton, and is coiled into a spiral, the coils of which lie in one 
plane, and are near one another, but not in contact. It thus 
resembles the shell of the Pearly Nautilus, but it is intemaZ^ 
and differs, therefore, entirely from the external shell of the 
latter. The only living Cephalopods which are provided with 
an external shell are the Paper Nautilus (Argonauta)^ and the 
Pearly Nautilus {NoAitilus pomipilius) ; but not only is the struc- 
ture of the animal different in each of these, but the nature of 
the shell itself is entirely different. The shell of the Argonaut 
is involuted, but is not divided into chambers, and it is se- 
creted by the webbed extremities of two of the dorsal arms of 
the female. The arms are bent backwards, so as to allow the 
animal to live in the shell, but there is in reality no organic 
connection between the shell and the body of the animal. In 
fact, the shell of the Argonaut, being confined to the female, 
and serving by its empty apex as a receptacle for the ova, 
may be looked upon as a ' nidamental shell,' or as it is secreted 
by a modified portion of the foot, it may more properly be re- 
garded as a 'pedal shelL* The shell of the Pearly Nautilus, 
on the other hand, is a true pallial shell, and is secreted by the 
body of the animal, to which it is organically connected. It is 
involuted, but it differs from the shell of the Argonaut in being 
divided into a series of chambers by shelly partitions or septa, 
which are pierced by a tube or * siphuncle,* the animal itself 
living in the last chamber only of the shell. 

The Cephalopoda are divided into two extremely distinct and 
well marked orders, termed the Dibram^chiata, and the Teira- 
hra/nchiata. The former is characterised by the possession ol 
two branchisB only, and comprises the Cuttle-fishes, Squids, 
and the Paper Nautilus. The latter is distinguished by the 
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presence of four gills, and, though abundantly represented in 
past time, has no other living representative than the Pearly 
Nautilus alone. 



CHAPTER LI. 
DIVISIONS OF THE CEPHALOPODA. 

Order I. Dibranchuta. — ^The members of this order of the 
Gephalapoda are characterised as being swimming animals, 
almost invariably naked, with never more than eight or ten 
arms, which are always provided with suckers. There are 
two branchies, which are furnished with branchial hearts ; ia.n 
ink-sac is always present ; the funnel is a complete tube, and 
the shell is internal, or, if external, is not chambered. 

The Cuttle-fishes are rapacious and active animals, swim- 
ming freely by means of the jet of water expelled from the 
funnel. The arms constitute powerful offensive weapons, being 
excessively tenacious in their hold, and being sometimes pro- 
vided with a sharp claw in the centre of each sucker. They 
are mostly nocturnal or crepuscular animals, and they some- 
times attain to a great size. They may be divided into two sec- 
tions — Octopoda and Decapoda, according as they have simply 
eight arms, or eight arms and two additional ' tentacles.' 

Section A. Octopoda. — The Cephalopods comprised in this 

section are distinguished by the possession of not more than 

, eight arms, which are provided with sessile suckers. The 

shell is internal and rudimentary ; in one instance only (the 

Argonaut), external. 

This section comprises the two families of the Argonautidce, 
and the Octopodidoe. In the former of these there is only the 
single genus Argonauta (the Paper Sailor, or the Paper Nau- 
tilus), of which the female and male differ greatly from one 
another. The female Argonaut {fig. 84) is protected by let thin 
single-chambered shell, in form symmetrical and involuted, 
which is secreted by the webbed extremities of the dorsal arms, 
but is not attached in any way to the body of the animal. It 
sits in its shell with the fannel turned toward the keel, and 
the webbed arms applied to the shell. The male Argonaut is 
much smaller than the female (about an inch in length), and 
is not protected by any shell. The third left arm is deve- 
loped in a cyst, and ultimately becomes a * hectocotylus,' and 
is deposited by the male in the pallial chamber of the female. 

In the OctopodddcB (or Poulpes), there are eight arms, all 

t2 
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similar to one another, and united at the base by a web. There 
is an internal radimentaiT' shell, represented hy two shoTt 




i encysted in the eabstance of the mantle. — (Owen.) 
The bgdy is eeldom provided with lateral fins. The tiilid 
right arm of the male is primarily developed in a cyst, and 
ultimately becomes ' hectocotylised.' 

Section B. Dec&poda. — The Cephalopods of this section have 
eight arms and two additional 'tentacles,' which are zancb 
longer than the true arms, and have expanded clab-ahaped 
extremities. The suckers are pedancnlated ; the body is 
always provided with lateral fins, and the shell is always in- 
teraftl (fig. 82). 

This section comprises the three living families of the 
Teuthidfe, Sepiadm, and the Spindidm, and the extinct family 
of the Belemmitidce. 

The family of the Teathidee comprises the Calamaries or 
Squids, characterised by the possession of an elongated body, 
with lateral fins. The shell is internal and homy, consisting 
of a median shall and of two lateral wings ; it is termed the 
* gladius' or ' pen,' and in old specimens several may be fonnd 
lodged in the mantle, one behind the other. In tlw common 
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Galamaiy {Loligo) the fourtli left arm of the male is meta- 
morphoBed towajds its extremity to Bnbserve reprodoction. 

In the family of the Sepiadte the internal 
ahell IB calcftreoua ('cuttle-bone' or 'aepi- /^Z^\ 

ostaire') and is in the form of a broad plate, f/y^ ^ 

having an imperfectly chambered apei. In // ^ . \1 

the living members of the family tiie body 
is provided with long lateral fine, sometimeB 
88 long and aa wide aa the body itself. 

In the aingnlar family of the Spirulidce 
the internal akeleton is in the form of a 
nacreona, diacoidal ahell, the whorls of whicli 
are not in contact with one another, and 
which ia divided into a aeries of chambers 
by means of partitions or aepta which are 
pierced by a ventral tabe or ' siphnncle.' 
The body is provided with minute terminal 
fina. The ahell of the Spirula — commonly . 
known as the 'poat-hom' — is similar in o.j 
structure to the shell of the NcmtUm, but it 
is lodged in the posterior part of the body of 
the animal, and is, therefore, mtei-noJ, whereas 
the shell of the latter is external. It really 
corresponds to the 'phragmacone' of the 
Belemnite. Though the shell occurs in enor- 
moas numbers in certain localities, a single 
perfect apecimen of the animal is all that 
naa been hitherto obtained. 

In the extinct family of the Belemmtida, 
our knowledge is chiefly confined to the hard 
parts. Certain specimens, however, have been 
discovered which show that the Belemnite had 
■ essentially thestructnreof a Cnttle-fish,such 
aa the recent iSepin. The body was provided 
with lateral fina ; the anna were eight, fur- 
nished with homy hooka, with two ' ten- 
taclea ; ' and probably the mouth was provided 
with homy mandibles. An ink-bag was 
preaent. Theintemalakeletonofafeleirmife ng. m. — Diagram of 
(Jig. 85) conaistfi of a chambered cone — the hS^pbiiupB). o. 
' phragmacone ' — the septa of which are Homy pm ?rlP™- 
piercedwith a marginal tube, or ' siphnncle.' berad-phrBgniKitBiB' 
In the last chamber of the phragmacone is ^{|J "r'^Gmiit'' 
conteined the ink-bag, often in a well pre- 
served condition. Anteriorly the phragmacone ia continued 
into a homy lamina, or "pen' (the ' pro-ostracnm ' of Huxley), 
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and posteriorly it is lodeed in a conical sbeatliy or * alveolnB,' 
which is excavated in the substance of a nearly cylindrical, 
fibrous body, the 'guard,' which projects backwards for a longer 
or shorter distance, and is the part most usually found in a 
fossil condition. 

Order II. Tetrabranchiata. — The members of this order of 
the Cephalopoda are characterised by being creeping animals, 
protected by an external, many-chambered shell, the septa 
between the chambers of which are perforated by a membra* 
nous or calcareous tube, termed the 'siphuncle.' The arms 
are numerous, and are devoid of suckers ; the branchiae are four 
in number, two on each side of the body; the fnnnel does 
not form a complete tube ; and there is no ink-bag. 

Though abundantly represented by many and varied extinot 
forms, the only living member of the Tetrabranchiata is the 
Pearly Nautilus, which has been long known by its beaatiful 
. chambered shell, but the soft parts of which can hardly be 
said to be known by more than one perfect specimen, which 
was examined by Professor Owen. 

The soft structures in the Pearly Nautilus may be divided 
into a posterior, soft, membranous mass (metasoma^^ contain- 
ing the viscera, and an anterior muscular division, comprising 
the head (prosoma) ; the whole being contained in the outer- 
most, capacious chamber (the body-chamber) of the shell, 
from which the head can be protruded at will. The shell 
itself is involuted, and many-chambered, the animal being 
contained successively in each chamber, and retiring^ from 
it as its size becomes sufficiently great to necessitate the ac- 
quisition of more room. Each chamber, as the animal re- 
tires from it, is walled off by a curved, nacreous septum; 
the communication between the chambers being still kept up 
by a membranous tube or siphuncle, which opens at one extre- 
mity into the pericardium, and is continued through the entire 
length of the shell. The position of the siphuncle is in the 
centre of each septum. 

Posteriorly the mantle of the Nautilus is very thin, but it is 
much thicker in front, and forms a thick fold or collar, sur- 
rounding the head and its appendages. From the sides of tiie 
head spring a great number of muscular prehensile processes, 
or 'arms,' which are annulated, but are not provided with 
cups or suckers. In the centre of the head is the mouth, 
surrounded by a circular fleshy lip, external to whicli is a 
series of labial processes. The mouth opens into a buccal 
cavity, armed with two homy mandibles, partially calcified 
towards their extremities, and shaped like the beak of a 
parrot, except that the under mandible is the longe;st. There 
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is also a ' tongne,' whicli is fleshv and sentient in front, bnt is 
armed with recurved teeth behind. Tlie gullet opens into a 
large crop, which in turn conducts to a gizzard, and the intes- 
tine terminates at the base of the fiinnel. On each side of the 
crop is a well developed liver. 

The heart is contained in a large cavity, divided into several 
chambers, and termed the 'pericardium.* — (Owen.) The re- 
spiratory organs are in the form of four pyramidal branchise, 
two on each side. 

The chief masses of the nervous system are the cerebral and 
infra-CBSophageal ganglia, which are partially protected by a 
cartilaginous plate, which is to be regarded as a rudimentary 
cranium, and which sends out processes for the attachment of 
muscles. The organs of sense are two large eyes, attached 
by short stalks to the sides of the head, and two hollow 
plicated subocular processes, beh'eved to be olfactory in their 
function. 

The reproductive organs of the female consist of an ovary, 
oviduct, and accessory nidamental gland. 

There is no ink-bag, and the funnel does not form a complete 
tube, but consists of two muscular lobes, which are simply in 
apposition. It is the organ by which swimming is effected, 
the animal being propelled through the water by means of the 
reaction produced by the successive jets emitted from the 
fannel. The function of the chambers of the shell appears 
to be that of reducing the specific gravity of the animal to 
near that of the surrounding water ; since they are most pro- 
bably filled with some gas, secreted by the animal. The func- 
tion of the siphuncle is unknown, except in so far as it doubt- 
less serves to maintain the vitality of the shell. 

Shell op the TETRABRANCHLiTA. — The shells of all the Tetra- 
hranchiata agree in the following points : — 

1. The shell is external. 

2. The shell is divided into a series of chambers by plates 
or ' septa,' the edges of which, where they appear on the shell, 
are termed the * sutures.' 

3. The outermost chamber of the shell is the largest, and 
is the one inhabited by the animal. 

4. The various chambers of the shell are united by a tube, 
termed the * siphuncle.' 

Agreeing in all these frindamental points of structure, two 
very distinct types of shell may be distinguished as charac- 
teristic of the two families Nautilidce and Am/monitidoB, into 
which the order Tetrahranchiata is divided. 

In the family NantiUdce (Jig, 86), the * septa ' of the shell 
are simple, curved, or slightly lobed ; the * sutures * are more 



280 MANUAL OF ZOOLOGT. 

or less completely plain ; and the ' sipbnncle ' is central, 
snbcentral, or internal (i.e. on the conccuue side of the curved 
shells). 

In the family AmmonUidcB (fig, 86), on the other hand, the 
septa are folded and complex ; the sutures are angalated, zig- 
zag, lobed, or foliaceous ; and the siphuncle is external (i.e. 
on the convex side of the curved shells). 





O^QS 




Fig. 86.— Diagram to illustrate the position of the siphnncle and the form of tht 
septa in various Tetrabranchiate Cephalopoda. The upper row of figures 
represents transrerse sections of the shells, the lower row represents the 
edges of the septa, a a. Ammonite or BaculUe; bb, CeratUe; ee. OoniaiUe; 
d d» Clymenia ; e e. NatUUus or Orthocetxu. 

In both these great types of shell, a series of representative 
f(mn8 exists, resembling each other in the manner in which the 
shell is folded or coiled, but differing in their fundamental 
structure. All these different forms may be looked upon as 
produced by the modification of a greatly elongated cone, the 
structure of which may be in conformity with the type either 
of the Nautilidce, or of the Arrvmonitidce. The following table 
(after Woodward) exhibits the representative forms in the two 
families : — 

NautUida. AmmoniticUB. 

Shell straight Orthoceras . . . Baculites. 

bent on itself Ascoceras .... Ptychoceras. 

curved Cyrtoceras . . . Toxoceras. 

spiral . Trochoceras . . Turrilites. 

discoidal Gyroceras. . . . Crioceras. 

discoidal and produced Lituites Ancyloceras. 

involute Nautilus .... Ammonites. 

After the Nauiilvs itself, the most important form of the 
NautilidcB is the Orthoceras, In structure this was doubtless 
essentially identical with the Nautilus, but the shell, instead of 
being coiled into a spiral lying in one plane, was extended in 
a straight, or nearly straight, line. Orthoceratites of more 
than six feet in length have been discovered, but in all, the 
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body-chamber, in whicli tbe tuiimal was lodged, appears to 
have been comparatively small. The siphuncle is osnally 
very complex in atnictnre, and was calcweons throughout its 
entire length. 




Fl0-^> — Or^octrtu expJorafor, 'BOiiagB^ 



The simplest form, of the Ammoniiidm is tbe Baculite, in 
which the shell is straight, like that of an Orthocerag, whilst 
the septa have the characters of those of an Ajn/monite, fmd tbe 
siphuncle is external. In the TurrilUe the stmcture of tbe 
shell is tbe same, but it is coiled into a spiral. In the Armrumite 
itself, the shell is discoidal and involuted, correspondii^ (in 
form) to the shell of the NautUua ; the body-chamber was of 
comparatively large size, and had its aperture closed, in some 
species at any rate, by an opercnlnm. 



Class Cepbajx>ix>i>a. 

ObDEB I. ClBEAlICHUTA. 

Animal with two branchise ; Dot more than eight or t«ii onng, 
provided with auckers; an ink-bog; shell commanly internal and 
rudimentary ; rarely external, but not chambered. 
Sectiom a. Octopoda. 

Ama eig^, mckert lettilt. 
Fam. 1. Arganautids. 

Female provided irith a calcareoui, eztemal, monothalamoua 
shell, secreted by the webbed eitremitJes of the dorBsl ams. 
Gen. Argonauta. 
Fam. 2. OcUfpudide. 

Shell iDtamal, rudimentary, uncalcified. No pallial flas in 
most, m, Oen. Ocloput, TreTiioclopiu, Medone, Pmnoctoptu. 

Section B. Decapoda. 

Anas eight, vMh tmo davalt ' tattadet ; ' aucJctrt pedanaiiaUd. 
Fam. 3. Tentkida. 

Shell an internal homy ' pen ' or ' gladins.' Fius mostly ter- 
minal. 111. Sen. Zoligo, Ottj/cioUulhii, Oatmaitr^het. 
Fam. i. BeUmnitida. 

Shell internal, composed of a conical chambered portion 
(' phragmacone ') with a marginal siphuncle, sometimea produced 
into a homy pliite or 'pen,' and lodged in a cylindrical fibrous 
* gourd.' 111. Gen. BeUmnUet, BtlemnUtUa, BeUmniieulhii. 
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Fam. 6. Sepiada, 

Shell calcareous, consisting of a broad, laminar plato, termi- 
nating posteriorly in an imperfectly chambered apex (' phragma- 
cone '). 111. Gen. Sepia^ Beloptera^ Spirulirostra, 
Fam. 6. Spirulida. 

Shell, internal, nacreous, chambered, discoidal; the whorls 
separate ; a ventral siphunde. Genus. Spirttla. 
Obdsb II. Tetrabbanchiata. 

Animal with four gills ; arms more than ten, without suckers ; 
no ink-bag ; shell external, chambered, and siphuncled. 
Fam, 1. Nautilida. 

Sutures of the shell simple ; the siphunde central, subcentral, 
or near the concavity of the curved shells, simple. 
Sub-family Nautilida proper. 

Body-chamber capacious ; aperture simple ; siphunde 
central or internal. 111. Gen. NautUtLS, lAtuites, Trocho^ 
ceras. 
Bvh-famUy OrthoceratidtB. 

Shell straight, curved, or discoidal; body-chamber 
small ; aperture contracted ; siphunde complicated. IlL 
Gen. Orthoceras, Phraginoceras, Cyrtoceras. 
Fam. 2. Ammonitida. 

Shell discoidal, curved, spiral, or straight; body-diamber 
elongated ; aperture guarded by processes, or closed by an oper- 
culum ; sutures angulated, lobed, or foliaceous ; siphuncle external 
or dorsal (on the convex side of the curved shells). 111. Gen. 
Ammonites, Ceratites, Bactdites, TurrUiteSy Scaphites, Aneyheerca, 



CHAPTER LII. 
DISTRIBUTION OF THE MOLLUSCA PROPER IN TIME. 

Remains of the Molhisca proper are found in greater or less 
abundance in almost all the stratified rocks from the com- 
mencement of the Silurian period up to the present day. 
Speaking generally, the Tetrabranchiate Cephalopoda are the 
chief representatives of the Molhtsca in the Palaeozoic Bocks, 
the La/melUhramx^hiata and the Dibranchiate Cephalopoda in the 
Mesozoic Bocks, and the Gasteropoda in the E^ainozoic period ; 
but all the primary classes are represented even in the Louver 
Silurian Bocks. The following are the more noticeable facts 
relating to the distribution of the various classes in past time. 
Lamfiellihram^chiata, — The Lamellibranchs are known to have 
existed in the Lower Silurian period, and have steadily in- 
creased up to the present day, when the class appears to have 
attained its maximum, both as regards numbers and as regards 
variety of type. The recent bivalves are, also, superior in 
organisation to those which have preceded them. Upon the 
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whole, the Asiphonate bivalves are more characteristically 
Palaeozoic, whilst those in which the mantle-lobes are united, 
and there are respiratory siphons, are chiefly found in the 
Secondary and Tertiary epochs. One very singular and aber- 
rant family, viz. the Hippuritidoe, is exclusively confined to the 
Secondary Bocks, and is, indeed, not known to occur beyond 
the limits of the Cretaceous formation. The Veneridoe, which 
are perhaps the most highly organised of the families of the 
Lcumellibrcmchiatay appeared for the first time in the Oolitic 
Rocks, and, increasing in the Tertiary period, have culminated 
in the Recent period. 

Gasteropoda. — The Gasteropoda are represented in past time 
fix)m the Lower Silurian Rocks up to the present day. Of the 
Branchifera the Holostomata are more abundant in the Palaeo- 
zoic period, the Siphonostomata abounding more in the Secon- 
dary and Tertiary Rocks, but not attaining their maximum 
till the present day. The place of the carnivorous Siphono- 
stomata in the Palaeozoic seas appears to have been filled by 
the Tetrabranchiate Cephalopods. 

The Heteropoda are, likewise, of very ancient origin, having 
commenced their exist-ence in the lowest Silurian deposits. 
The genera Bellerophon, PorcelUa, GyrtoUtes, and Maclurea are 
almost exclusively Palaeozoic ; Bellerophina is found in the 
Gault (Secondary), and GarinaHa has been detected in the 
Tertiaries. 

The Pulmonate Gasteropoda, as was to be anticipated, are 
not found abundantly as fossils, occurring chiefly in lacustrine 
and estuarine deposits, in which the genera Imnncea, Pal/udmay 
Valvata, Ancylus, &c., are amongst those most commonly 
represented. These, however, are entirely Mesozoic and 
Kainozoic. In the Palaeozoic period the sole known representa- 
tives of the Pulmonifera are the Pupa vetusta and Zonites priscus 
of the Carboniferous Rocks. 

Pteropoda. — ^The Pteropods are not largely represented in 
fossiliferous deposits, but they have a wide range in time, ex- 
tending from the Lower Silurian Rocks up to the present day. 
The Theca and Gormlaria of the Palaeozoic period, if truly 
Pteropods, are of comparatively gigantic size, and extend from 
the Lower Silurian to the Carboniferous period. The Silurian 
fossil, Tentaculites, is asserted by M. Barrande to be a Pteropod, 
but it is usually looked upon as a tubicolous Annelide. The 
recent genus Hyalea is represented in the Tertiary period 
(Miocene). 

Gephalopoda, — The Cephalopods are largely represented in 
all the primary groups of stratified rocks from the Lower 
Silurian up to the present day. Of the two orders of Gepha- 
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lopoda, the Tetrabranchiafa is the oldest, attaining its mazimiun 
in the Palaeozoic period, decreasing in the Mesozoic and 
Kainozoic epochs, and being represented at the present daj by 
the single form Nautilus pompilius. Of the sections of this 
order, the Nautilidce proper and the Orthoceratidce are pre- 
eminently Palaeozoic, and the Armnonitidce is not only pre- 
eminently but is almost exclusively Secondary. Of the abun- 
dance of the two former families in the Silurian seas some 
idea may be obtained, when it is mentioned that about a 
thousand species have been described by M. Barrande from 
the Silurian basin of Bohemia alone. The NauUUdce proper 
have gradually decreased in numbers from the Palseozoic, 
through the Secondary and Tertiar^ periods to the present 
day. The Orthoceratidce died out much sooner, being ex- 
clusively Palaeozoic, with the exception of the genera Ortho^ 
ceras itself and Cyrtoceras, which survived into the commence- 
ment of the Secondary period, finally dying out in the Trias. 

The second family of the Tetrabranchiata, viz. the Ammoni- 
tidce, is almost exclusively Secondary, being very largely re- 
presented by numerous species of the genera Ammonites^ Cera' 
tites, BaculiteSy Turrilites, &c. The only Palaeozoic genera are 
Owiiatites and Bactrites, of which the former is found from 
the Upper Silurian to the Trias, whilst the latter is a Devo- 
nian form. The genus Ceratites is characteristically Triassic, 
but it is said to occur in the Devonian Bocks. All the remain- 
ing genera are exclusively Secondary, the genera BactUites^ 
TurriliteSy Hamiites, and Ptychoceras being confined to the Cre- 
taceous period. 

Of the Dibranchiate Cephalopoda the record is less perfect, 
Bs they have few structures which are capable of preservation. 
They attain their maximum, as fossils, shortly a^r their first 
appearance in the Secondary Bocks, where they are represented 
by the large and important family of the BeleirmitidcB, Some 
of the Teuthidce and Sepiadce are found both in the Secondary 
and in the Tertiary Bocks, and two species of Argonaut have 
been discovered in the Later Tertiaries. No example of a 
Dibranchiate Cephalopod is known from the Palaeozoic de- 
posits, and the order attains its maximum at the present day. 



SUBDIVISIONS OF INYEBTEBSATA. 285 



TABULAR VIEW OF THE CHIEF SUBDIVISIONS 

OF THE INVERTEBRATA. 



SUB-KINGDOM I.— PKOTOZOA. 

Class I. Gregaeinidjs. 
Class II. Rhizopoda. 

Order 1. AmcBbea. 

2. Foraminifera. 

3. Radiolaria. 

4. Spongida. 
Class III. Infusoria. 

Order 1. Suctoria. 

2. Ciliata. 

3. Flagellata. 

SUB-KINaDOM n.— CCELENTERATA. 

Class I. Hydrozoa. 

Sub-class A. Hyd/roida. 
Order 1. Hydrida. 

2. Corynida. 

3. Sertnlarida. 

4. Campanularida. 
Sub-class B. Siphonophora, 

Order 5. Caljcophoridse. 
6. PhysophoridsB. 
Sub-class C. Discophora, 

Order 7. MedusideB. 
Sub-class D. iMcemarida, 
Order 8. LucemariadsB. 
9. PelagidsB. 
10. Rhizostomidas. 
Sub-class E. OraptoUtidoe, 
Class II. Actinozoa. 

Order 1. Zoantharia. 

Sub-order a, Z. Malacodermata. 

b, Z. Sclerobasica. 

c. Z. Sclerodermata. 
Order 2. Alcyonaria. 

Fam. a, AlcyonidsB. 
6. TubiporidsB. 

c. PennatnlidsB. 

d, OorgonidsB. 
Order 3. Rugosa. 
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Order 4. Ctenophora. 

Sub-order a. Stenostomata. 
h, Enrystomata. 

SUB-KINGDOM m.— ANNULOIDA. 

Class I. Echinodermata. 
Order 1. Cystoidea. 

2. Blastoidea. 

3. Crinoidea. 

4. Ecbinoidea. 

5. Asteroidea. 

6. Ophinroidea. 

7. Holothuroidea. 
Class II. Scolecida. 

Division A. Platyehnia. 
Order 1. Tseniada. 

2. Trematoda. 

3. Tnrbellaria. 
Sub-order a. Planarida. 

h. Nemertida. 
Division B. Nematelmia. 
Order 4. Acantbocephalk. 

5. Gordiacea. 

6. Nematoda. 
Division C. Rotifera, 

Order. Rotifera. 

SUB-KINGDOM IV.— ANNULOSA. 

Division A. Anarthropoda. 

Class I. Gephyrea. 

Class II. Annelida. 

Order. Hirudinea 1 at. u* x 
m- I, i. > Abranchiata. 
OligocheBta J 

Tubicola 1 -d t_« x 
Errantia. J Branchiate. 

Class III. Ch^tognatha. 

Division B. Arthropoda, or Articulata. 
Class I. Crustacea. 

Sub-class I. Epizoa, 

Order 1. Icbtbyopbtbira. 
Sub-class II. Cirrvpedia. 

f Balanidse. 
Order 2. Tboracica s Vemicidse. 

LLepadidse. 

3. Abdominalia. 
^ 4. Apoda. 

i 
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Legion Lophyropoda. 



Sub-class III. Entomostraca, 
Order 5. Ostracoda 

6. Copepoda 

7. Cladocera 

8. Phyllopoda S Legion Brancliiopoda. 

9. Trilobita. J 
10. Merostomata. 
Sub-order a. Xiphosnra. 

h, Enrypterida. 
Sub-class TV, Malacostraca, 

Order 11. Lsemodipoda 1 t\« • • a 
1 2 T n d S l^ivision A. 

13: ^phipoda jEdriophthalmata. 

14. Stomapoda 1 Division B. 

15. Decapoda J Podophthabnata. 
Tribe a. Macrura. 

&. Anomnra. 
c. Brachyura. 

Class II. Arachnida. 

Dwision A. Trachearia, 
Order 1. Podosomata. 
2 Acaruia. 
3. Adelarthrosomata. 
Division B. PulnKynaria. 
Order 4. Pedipalpi. 
5. Araneida. 

Class III. Myriapoda. 

Order 1. Chilopoda. 
2. Chilognatha. 

Class IV. Insecta. 

8ub-cla^s I. Ametabola. 
Order 1. Anoplnra. 

2. Mallophaga. 

3. Thysanura. 
Sub-class II. Hemvmetabola, 

Order 4. Hemiptera. 

5. Orthoptera. 

6. Neuroptera. 
Sub-class III. Holometabola. 

Order 7. Apbaniptera. 

8. Diptera. 

9. Lepidoptera. 

10. Hymenoptera. 

11. Strepsiptera. 

12. Coleoptera. 
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SUB-KINGDOM V.— MOLLUSCA. 

Division A. Molluscoida. 

CI<188 I. PolAjzoa, 

Order 1. PhylactolaBinata. 
2. OyLioUemata. 
ClcL88 II. Ttmicata, 

Order 1. Ascidia brancliialia. 

2. Ascidia abdominalia. 

3. Ascidia laryalia. 
Class III. Brachiopoda, 

Division B. Mollusca Proper. 

Class IV. Lcmielltbra/nchiata, 

Section a, Asiphonida. 
h, Siphonida. 
Class V. Oasieropoda, 

Sub-class I. Bra/nchifera, 
Order 1. Prosobranchiata. 

Section a, Siphonostomata. 
h, Holostomata. 
Order 2. Opisthobrancliiata. 

Section a. Tectibranchiata. 
b, Nudibrancbiata. 
Order 3. Nncleobrancbiata (Heteropoda). 
Fam. a, Firolidee. 
b, Atlantidffi. 
Snb-class II. FuVmonifera, 

Section a. Inopercnlata. 
6. Operculata. 
Class VI. Pteropoda. 

Order 1. Tbecosomata. 

2. Gymnosomata. 

Class Vll. Cephalopoda. 

Order 1. Tetrabrancbiata. 
2. Dibrancbiata. 
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GLOSSARY. 



Abdomen (Lat. ahdo^ I conceal). The posterior cavity of the body, con- 
taining the intestines and others of the viscera. In many Invertebrates 
there is no separation of the body-cavity into thorax and abdomen, and 
it is only in the higher Annttlosa that a distinct abdomen can be baid to 
exist. 

Aberbant (Lat. aberro, I wander away). Departing from the regular type. 

Abnormal (Lat. ab, from; nomuif a rule). Irregular; deviating from tlie 
ordinary standard. 

Abranchiate (Gr. a, without; hragchia^ giUs). Destitute of gills or 
branchiffi. 

AcALBPiLE (Gr. akalepkej a nettle). Applied formerly to the Jelly-fishes or 
Sea-nettles, and other Eadiate animals, in consequence of their power of 
stinging, derived from the presence of microscopic cells, called ' thread- 
cells,' in the integument. 

AcANTHOCBFHALA (Gr. akanthd^ a thorn ; kephal-e, head). A class of para- 
sitic worms, in which the head is armed with spines. 

AcANTHOMETRiNA (Gr. akatitka ; and metray the womb). A femily of Fro- 
tozoOj characterised by having radiating siliceous spines. 

AcARiNA (Gr. akari, a mite). A division of the Arachnida, of which the 
Cheese-mite is the type. 

Acephalous (Gr. a, without; kephale,tlie head). Not possessing a distinct 
head. 

AcETABULA (Lat. acetabulum^ a cup). The suckers with which the cephalic 
processes of many Cephalopoda (Cuttle-fishes) are provided. 

AcRiTA (Gr. akritoSf confused). A term sometimes employed as synonymous 
with Protozoay or the lowest division of the animal kingdom. 

AcTiNOMERES (Gr. aktin, a ray; meroSf a part). The lobes which are 
mapped out on the sui^ace of the body of the Ctenophora, by the cteno- 
phores, or comb-like rows of cilia. 

AcTiNosoMA (Gr. aktin; and soma, body). Employed to designate the 
entire body of any Actinozobn, whether this be simple (as in the Sea- 
Anemones), or composed of several zooids (as in most Corals). 

AcTiNozoA (Gr. aktin ; and zoiin, an animal). That division of the Ccel- 
enterata, of which the Sea-Anemones may be taken as the type. 

Adelabthrosomata (Gr. adelos, hidden ; arthros, joint ; soma, body). An 
order of the Arachnida. 

Agamic (Gr. a, without ; garnos, marriage). Applied to all forms of repro- 
duction in which the sexes are not directly concerned. 

Ambulacra (Lat. ambulacrum, a place for walking). The perforated spaces 
through which are protruded the tube-feet, by means of which locomotion 
is effected in the Echinodermata. 

Ambulatory (Lat. ambulo, I walk). Formed for walking. Applied to a 
single limb, or to an entire animal. 

Ametabolic (Gr. a, without; metabole, change). Applied to those insects 
which do not possess wings when perfect, and do not, therefore, pass 
through any marked metamorphosis. 

Amgbba (Gr. amoibos, changing). A species of Bhizopod^ so called from 
the numerous changes of form which it undergoes. 
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Amosbifohm. Kcsembling an Amaba in form. 

Amorphozoa (Gr. a, without; morphe, shape; roon, animal). A name 

sometimes used to designate the Sponges. 
Amphidiscs (Gr. amphi^ at both ends; diskos^ a qnoit, or round plate). 

The spicula which surround the gemmules of SpongiUa^ and resemble 

two toothed wheels united by an axle. 
AuPHiPODA (Gr. amphi, and pons, a foot). An order of Crustacea, 
Analogous. Applied to parts which perform the same function. 
Anabthropoda (Gt. a, without ; arthros^ a joint ; and pous^ foot). That 

division of Annulose animals in which there are no articulated appen- 
dages. 
Androgynous (Gr. aner^ a man ; gune^ a woman). Synonymous with 

hermaphrodite, and implying that the two sexes are united in the same 

individual. 
Androphores (Gr. aner, a man ; and pherOy I carry). Applied to mednsi- 

form gonophores of the Hydrozoa^ which carry the spermatozoa, and differ 

in form from those in which the ova are developed. 
Annelida (a Gallicised form of Anntdata). The Kinged Worms, which fiJttn * 

one of the divisions of the Anarthropoda. 
Anntjlated. Composed of a succession of rings. 
Annuloida (Lat. anntUvs^ a ring; Gr. eidos^ form). The sub-kingdom 

comprising the Echinodermata and the Scolecida ( = Ef^hinozoa), 
Annulosa (Lat. annulus). The sub-kingdom comprising the Anarthropoda 

and the Arthropoda or Articulataj in all of which the body is more or 

less evidently composed of a succession of rings. 
AKOiiUBA (Gr. anomosy irregular; oura^ tail). A tribe of Decapod CVtw- 

tacea, of which the Hermit Crab is the type. 
Anopluba (Gr. anoplos, unarmed; oura, tail)« An order of Apteious- 

Insects. 
ANTENNiB (Lat. antenna^ a yard-arm). The jointed horns or feelers, pos- 
sessed by the majority of the Articulata. 
Antennules (diminutive of antenms). Applied to the smaller pair of 

antennae in the Crustacea. 
Antlia (Lat. antlia, a pump). The spiral trunk or proboscis with which 

Butterflies and other Lepidopterous insects suck up the juices of flowers. 
Aphaniptera (Gr. aphanos^ inconspicuous ; and pteron, a wing). An order 

of Insects, comprising the Fleas. 
Apod.\l (Gr. fl, without ; pous, foot). Devoid of feet. 
Apodemata (Gr. apodaio, I portion off). Applied to certain chitinous 

septa which divide the tissues in Crustacea. 
Aptera (Gr. fl, without ; pteron, wing). A division of Insects, which is 

characterised by the absence of wings in the adult condition. 
Apterous. Devoid of wings. 
Arachnida (Gr. arackne, a spider). A class of the Articulata, comprising- 

Spiders, Scorpions, and allied animals. 
Arborescent. Branched like a tree. 
Arenaceous. Sandy, or composed of grains of sand. 
Articulata (Lat. articulus, a joint). A division of the animal kingdom, 

comprising Insects, Centipedes, Spiders, and Crustaceans, characterised 

by the possession of jointed bodies or jointed limbs. The term Arthro- 
poda is now more usually employed. 
AsciDioroA (Gr. askos, a bottle ; eidos, form). A synonym of Thmioatay a 

class of Molluscous Animals, which have the shape, in many eases, of a 

two-necked bottle. 
Asexual. Applied to modes of reproduction in which the sexes are not 

concerned. 
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AsiFHONATE. Not possessiiig a respiratory tabe or siphon. (Applied to a 
division of the LaTnellibranchiate Molluscs.) 

Asteroid (Or. cistery a star ; and eidoSf form). Star-shaped ; or possessing 
radiating lobes or rays like a star-fish. 

AsTEBOiDA. An order of Echinodermataf comprising the Star-fishes, cha-^ 
racterised by their rayed form. 

AsTOMATOUs (Gr. a, without ; stoma, month). Not possessing a mouth. 

AuRKLiA (Lat. aurunif gold). Applied to the chrysalides of some Xepi- 
dopterOy on account of their exhibiting a golden lustre. 

Ayictjlaiiium (Lat. avicula, diminutive of avis, a bird). A singular ap- 
pendage, often shaped like the head of a bird, found in many of the 
Polyzoa. 

AzTOos (Gr. a, without ; zugos^ yoke). Single, without a fellow. 

Bactkbittm (Gr. hakterion, a staff). A kind of staff-shaped filapient which 
appears in organic infusions after they have been exposed to' the air. 

BALANiDiB (Gr. balanoSf an acorn). A family of sessile Cirripides, com- 
monly called * Acorn-shells.' 

Bifid. Cleft into two parts, forked. 

Bilateral. Having two symmetrical sides. 

BiRAMOUs (Lat. bis, twice; ramtis, a branch). Applied to a limb, which is 
divided into two oar-like extremities (e.g. the limbs of Cirripides). 

Bivalve (Lat. bis, twice ; valva, folding-doors). Composed of two plates or 
valves ; applied to the shell of the LameUiJbranchiata and Brachiopoda, 
and to the carapace of certain Crustacea. 

Blastoidea (Gr. blastos, a bud ,* and eidos, form). An extinct order of 
Echinodermata,. often called Pentremites. 

Brachiopoda (Gr. brachUm, an arm; pous, the foot). A class of the Mollus' 
coidOj often called ' Lamp Shells,' characterised by possessing two fleshy 
arms continued from the sides of the mouth. 

Bracetura (Gr. brachus, short ; oura, tail), A tribe of the Decapod OruS' 
tacea, with short tails (i.e. the Crabs). 

Bracts. {See Hydrophyllia.) 

Branchia (Gr. bragckia, the gill of a fish). A respiratory organ adapted 
to breathe air dissolved in water. 

Branchiate. Possessing gills or branchiae. 

Branchifera (Gr. bragchia, gill ; and pkero, I carry). A division of Gas- 
teropodovs Molluscs, in which the respiration is aquatic, and the respi- 
ratory organs are mostly in the form of distinct gills. 

Branchio-oastebopoda ( = Branchifera). 

Branchiopoda (Gr. bragckia, and pous, foot). A legion of Crustacea, in 
which the gills are supported by the feet. 

Bryozoa (Gr. bnum, moss ; zoon, animal). A synonym of Polyzoa, a class of 
the Molluscoida, 

Buccal (Lat. bucca, mouth or cheeks). Connected with the mouth. 

Bursiform (Lat. bursa, a purse ; forma, shape). Shaped like a purse, sub- 
spherical. 

Byssiperotjs. Producing a byssus. 

Btssus. a term applied to the silky filaments by which the Pinna, the 
common Mussel, and certain other bivalve MoUusca attach themselves to 
foreign objects. 

Cjecal (Lat. cacus, blind). Terminating blindly, or in a closed extremity. 
CiECUM (I/at. ccBcus). A tube which terminates blindly. 
C-asspiTosE (Lat. ccespes, a turf). Tufted. 

xj2 
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CAiNozorc. (See Kainozoic.) 

Calcareous (Lat. calx, lime). Composed of carbonate of lime. 

Calicb. The little cup in which the polype of a coralligenous Zoophyte 
{Actinozoon) is contained. 

Calycophorid.* (Gr. kalux, a cup; trndphero, 1 carry). An order of the 
Oceanic Hydrozoa, so called from their possessing bell-shaped swinuning 
organs {nectoccdycis). 

Calyx (Lat. calyx, a cup). Applied to the cup-shaped body of VortiotUa 
{Protozoa), or of a Crinoid {Echinodermata). 

Cahpantjlarida (Lat. campanulat a bell). An order of Hydroid 2kx>phytok 

Capitttlum (Lat. diminutive of caput, head). Applied tx) the body of a 
Barnacle (Lepcuiida), from its being supported upon a stalk or pedimcle. 

Carapace. A protective shield. Applied to the upper shell of Crabs, Lob- 
sters, and many other Crustacea ; also to the case with which certain of 
the Infusoria are provided. 

Carniyoroi^ (Lat. caro, fiesh ; wro, I devour). Feeding upon flesh, 

Carnosb (Lat. caro). Fleshy. 

Caudal (Lat. cauda, the tail). Belonging to the tail. 

Cephalic (Gr. kephale, head). Belonging to the head. 

Cephalo-branchiate (Gr. kcphale; and bragchta, gill)- Canning gills 
upon the head. Applied to a section of the Annelida, which, like the 
Serpula, have tufts of external gills placed upon the head. 

Cephalophora (Gr. kephale ; and phero, 1 carry). Used synonymously with 
Encephala, to designate those Mollueca which possess a distinct head. 

Cephalopoda (Gr. kephale; ajid poda, feet). A class of the MoUusca, com- 
prising the Cuttle-fishes and their allies, in which there is a series of 
arms ranged round the head. 

Cbphalothorax (Gr. kephale ; and thorax, chest). The anterior diyision 
of the body in many Crustacea and Arachnida, which is composed of the 
coalesced head and chest. 

Cbstoidea (Gr. kestos, a girdle). An old name for the Ttsniada^ a class 
of Intestinal Worms, with flat bodies like tape (hence the name Tape- 
worms). 

Chel2b (Gr. chele, a claw). The prehensile claws with which some of the 
limbs are terminated in certain Crustacea, such as the Crab, Lobster, &c 

Chelate. Possessing chelse ; applied to a limb. 

Chblicerjb (Gr. chele, a claw; and keras, a horn). The prehensile daws of 
the Scorpion, supposed to be homologous with antennae. 

Chilognatha (Gr. cheilos, a lip ; and gnathos, a jaw). An order of the 
Myriapoda 

Chilopoda (Gr. cheilos ; and poda, feet). An order of the Myriapoda, 

Chitine (Gr. chiton, a coat). The peculiar chemical principle, nearly allied 
to horn, which forms the exoskeleton in many Invertebrate Animals, 
especially in the Arthropoda {Crustacea, Insecta, &c.). 

Chlorophyll (Gr. chloros, green ; and phyl/os, a leaf). The green colour- 
ing matter of plants. 

Chromatophores (Gr. chroma complexion, or colour; and^Affro, I carry). 
Little sacs which contain pigment-granules, and are found in the int^n- 

' ment of Cuttle-fishes. 

Chrysalis (Gr. chrusos, gold). The motionless pupa of butterflies and 
moths, so called because sometimes exhibiting a golden lustre. 

Chyi.aqueous fluid, a fluid consisting partly of water derived firom the 
exterior, and partly of the products of digestion (chyle), occupying the 
body -cavity or perivisceral space in many Invertebrates (^nnelidts, 
Echinoderms, &c.), and sometimes having a special canal-system for its 
conduction (chyla(^ueous canals). 
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Chtlific (Gr. chtUos, juice [chyle] ; and Lat. fadOf I make). Producing 
chyle. Applied to one of the stomachs, when more than one is present. 
The word is of mongrel origin ; and * chylopoietic ' is more correct. 

Chtme-mass. The central, semi-fluid sarcode in the interior of an In- 
fusorian. 

Cilia (^Lat. cUium, an eye-lash). Microscopic, hair-like filaments, which 
have the power of lashing backwards and forwards, thus creating currents 
in the surrounding or contiguous fluid, or subherring locomotion in the 
animal which possesses them. 

CiLiooRADA (Lat. cilium; and gradior, I walk). Synonymous with 
Ctenophoraf an order of Actinozoa, 

CiNCLiDBS (Gr. JdgkliSy a lattice). Special apertures in the column-walls of 
Sea-anemones {ActinuB), which probably serve for the emission of the 
cord-like 'craspeda.' 

CiHRi (Lat. cirrus, a curl). Tendril-like appendages, such as the feet of 
Barnacles and Acorn-shells (Cirripedes), the lateral processes on the 
arms of Brackiopoda, &c. 

CiREiFEEOUS or CiRRiGEROus. Carrying cirri. 

CiRRiFEDiA, CiRRHiFEDiA, or CiRRHOFODA (Lat. cirruSj a curl ; and pes, a 
foot). A sub-class of Crustacea with curled jointed feet, 

Cladocera (Gr. klados, a branch, kerasy a horn). An order of Crustacea 
with branched antennae. 

Clavatb (Lat. clavus, a club). Club-shaped. 

Cloaca (Lat. a sink). The cavity into which the intestinal canal and the 
ducts of the generative and urinary organs open in common, in some In^ 
vertebrates (e.g. in Insects). 

Clypeiform (Lat. clypeus^ a shield; and /orma, shape). Shield-shaped; 
applied, for example, to the carapace of the King-crab. 

Cnid-k (Gr. knidcy a nettle). The urticating cells, or • thread-cells,* where- 
by many Coelenterate animald obtain their power of stinging. 

CoccoLiTHS (Gr. kokkoSf a berry ; lithos, stone). Minute oval or rounded 
bodies, which are found either free or attached to the surface of cocco- 
spheres. 

CoccosPHERBS (Gr. kokkos; and sphdira, a sphere). Spherical masses of 
sarcode, enclosed in a delicate calcareous envelope, and bearing coccoliths 
upon their external surface. Both coccospberes and coccoliths are im- 
bedded in a diffused plasmodium of sarcode, the whole constituting a 
low Bkizopodic organism. 

Cocoon (French cocon, the cocoon of the silk-worm ; connected with Fr. 
coque, shell, which is derived from the Lat. concha). The outer covering 
of silky hairs with which the pupa or chrysalis of many insects is pro- 
tected. 

CoDONOSTOMA (Gr. kodon, a bell; stonMf mouth). The aperture op mouth 
of the disc (nectocalyx) of a Medusa or of the bell (gonocalyx) of a 
medusiform gonophore. 

CcELENTERATA (Gr. koUoSj hollow; enteroUy the bowel). The sub-kingdom 
which comprises the Hydrozoa and Actinozoa, Proposed by Frey and 
Leuckhart in place of the old term Badiata, which included other animals 
as well. 

CosNBNCHTMA (Gr. koifios, common ; enchumaf tissue). The common cal- 
careous tissue which unites together the various corallites of a compound 
oorallum. 

CasNCECiTJM (Gr. koinos, common; dkos, house). The entire dermal system 
of any Polyzobn ; employed in place of the terms polyzoaiy or polypi- 
dom. 

CiENusABC (Gr. koinoSf common; sarx, flesh). The common organised 
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medinm by which the separate polypites of a compound Htfdrozoon are 

connected together. 
CoLROPTERA (6r. koleos^ a sheath; pteron, wing). The order of Insects 

(Beetles) in which the anterior pair of wings are hardened, and serve as 

protective cases for the posterior pair of membranous wings. 
Column. Applied to the cylindrical body of a Sea-anemone (Actinia) ; also 

to the jointed stem or peduncle of the stalked Crinoids. 
OoLUMBLLA (Lat. diminutive of columna, a column). In Conchology, the 

central axis round which the whorls of a spiral univalve are wound. 

Amongst the Actinozoaj it is the central axis or pillar which is found in 

the centre of the thecse of many corals. 
Commissural (Lat. committor I solder together). Connecting together; 

usually applied to the nerve-fibres which unite different ganglia. 
CoNCHiFERA (Lat. Concha^ a shell ; fero, I carry). Shell-fish. Applied in a 

restricted sense to the bivalve Molluscs, and used as a synonym for 

LamellihranchJata. 
CoPBPODA (Gr. kopfj an oar ; poda, feet). An order of Crustacea, 
CoBALLiGENOus. Producing a corallum. 
CoRALLFTB. The corallum secreted by an Actinozoon which consists of a 

single polype ; or the portion of a composite corallum which belongs to, 

and is secreted by, an individual polype. 
Corallum (from the Latin for Bed Coral). The hard structures deposited 

in, or by, the tissues of an Actinozobn—connnonly called a ' coral.* 
Coriaceous (Lat. corium^ hide). Leathery. 
Cortical Layer. The layer of consistent sarcode, which in the I^fuaoria 

encloses the chyme-mass, and is surrounded by the cuticle. Sometimes 

called the * parenchyma of the body.* 
CosTJE (Lat. costa, a nb). Applied amongst the Crinoidea to designate tiie 

rows of plates which succeed the inferior or basal portion of the cup 

(pelvis). Amongst the Corals the *cost8e' are vertical ridges which 

occur on the outer surface of the thecse, and mark the position of the 

septa within. 
Crasfeda (Gr. kraspedon^ a mar^n or fringe). The long, convoluted 

cords, containing thread-cells, which are attached to the free margins of 

the mesenteries of a Sea-anemone. 
Crepuscular (Jjat. crepusculuTrif dusk). Applied to animals which are 

active in the dusk or twilight. 
Crinoidea (Gr. krinos, a lily ; eidoSj form). An order of Echinoderfnaia, 

comprising forms which are usually stalked, and sometimes resemble 

lilies in shape. 
Crop. A partial dilatation of the gullet, technically called * ingluvies.* 
Crustacea (Lat. crusta, a crust). A class of articulate animals, comprising 

Crabs, Lobsters, &c., characterised by the possession of a hard shell or 

crust, which they cast periodically. 
Ctenoctst (Gr. kteis^ a comb ; ktistiSf a bag, or cyst). The sense-organ 

(probably auditory) which occurs in the Ctenophora, 
Ctenophora (Gr. kteis^ a comb ; and pherOy 1 carry). An order of Actinozoat 
comprising oceanic creatures, which swim by means of * ctenophores,* or 
bands of cilia arranged in comb-like plates. 
CxTTiCLE (Lat. cuticvlay dim. of cutis^ skin). The pellicle which forms the 

outer layer of the body amongst the Infusoria, 
Cyst (Gr. kustis^ a bladder or bag). A sac, or vesicle. 
Cystica. The embryonic forms (scolices) of certain intestinal worms (tape- 
worms), which were described as a distinct order, until their true nature 
was discovered. 
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CTSToroEiL (Gr. Jcustia, a bladder ; and eidoa^ form). An extinct order of 
Echinodermata. 

Dbcapoda (Gr. deka^ ten, poda^ feet). The division of Crustaceay which 

have ten ambulatory feet; also the family of Cuttle-fibhes, in which there 

are ten arms or cephalic processes. 
Deciduous (Lat. dicido, I fall off). Applied to parts which fall off or are 

shed during the life of the animal. 
Decollated (Lat. decollo, I behead). Applied to univalve shells, the apex 

of which falls off in the course of growth. 
Dendriform, Dendritic, Dendroid (Gr. dendron, a tree). Branched like 

a tree, arborescent. 
Dermal (Gr. derma, skin). Belonging to the integument. 
Dkrmosclerites (Gr. derma, skin, skleros^ hard). Masses of spicules which 

occur in the tissues of some of the Alcyonidce {Actmozoa). 
Desmidls. Minute fresh-water plants, of a green colour, without a siliceous 

epidermis. 
Deuterozooids (Gr. deuteros, second; zoon, animal; eidos, form). The 

zooids which are produced by gemmation from zooids. 
Dextral (Lat. dextra, the right hand). Right-handed; applied to the di- 
rection of the spiral in the greater number of univalve shells. 
Diastole (Gr. diastelio, I separate or expand). The expansion of a contractile 

cavity such as the heart, which follows its contraction or ' systole.' 
Diatomacejg (Gr. diatemno, I sever). An order of minute plants, which are 

provided with siliceous envelopes, 
DiBRANCHiATA (Gr. dis, twice; bragchia, gill). The order of Cephalopoda 

(comprising the Cuttle-fishes, &c.) in which only two gills are present. 
Dimyart (Gr. dis, twice ; mtion, muscle). Applied to those bivalve Molluscs 
. (Lamellibranchiata) in which the shell is closed by two adductor muscles. 
Dkecious (Gr. dis, twice; oikos, house). Having the sexes distinct; applied 

to species which consist of male and female individuals. 
DiMEROSOMATA (Gr. dis ; meros, part ; soma, body). An order of Arachnida, 

comprising the true Spiders, so called from the marked division of the 

body into two regions, the cephalothorax and abdomen. The name Ara- 

neida is often employed for the order. 
DiPHTozooiDs. Detached reproductive portions of adult Calycophorida, an 

order of oceanic Hydrozoa. 
DiPTBRA (Gr. dis, twice ; pteron, wing). An order of Insects, characterised 

by the possession of two wings. 
Discoid (Gr. diskos, a quoit; etdos, form). Shaped like a round plate or 

quoit. 
DiscoPHORA (Gr. diskos, a quoit ; phero, I carry). This term is applied to 

the Medusa, or Jelly-fishes from their form ; and is sometimes used to 

designate the order of the Leeches {Hinidined), from the suctorial discs 

which these animals possess. 
Dissepiments (Lat. dissepio, I partition off). Partitions. Used in a re- 
stricted sense to designate certain imperfect transverse partitions, which 

grow from the septa of many corals. 
Distal. Applied to the quickly growing end of the hydrosoma of a Hydro- 

zoon; the opposite, or 'proximal,* extremity growing less rapidly, and 

being the end by which the organism is fixed, when attached at all. 
Diverticulum (Lat. divertmdu7n, a bye-road). A lateral tube with a blind 

extremity, springing from the side of another tube. 
DoRsiBBANCHiATE (lAt. dorsum, the back; Gr. bragchia, gill). Having , 

external gills attached to the back; applied to certain Anndides and 
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Molluscs. The term is of mongrel composition, and ' notobrsnchiate ' is 
more correctly employed. 

EcDEROx (Gr. ek, out; deroSf skin). The outer plane of growth of the ex- 
ternal integumentary layer (yiz. the ectoderm or epidermis). 
EcDYSis (Gr. ekdusis, a stripping off). A shedding or moulting of the skin. 
EcHiNOCocci (Gr. echinos, a hedge-hog ; kokkos, a berry). The larval forms 

(Scolices) of the tapeworm of the dog {Tania echinococcus), commonly 

known as ' hydatids. 
£cHi!fODBBMA.TA (Gr. cchinos ; and dermal skin). A class of animals com- 
prising the Sea-urchins, Star-fishes and others, most of which have spiny 

skins. 
EcuiNOiDEA (Gr. echinos ; and eidos^ form). An order of Echinodermaia, 

comprising the Sea-urchins. 
EcHiNL'LATB. Possessiug splncs. 
EcTOCYST (Gr. ektoSf outside ; kustis, a bladder). The external investment 

of the coenoBcium of a Polyzoon, 
EcTODBBM (Gr. ektosy and derma, skin). The external integumentary layer 

of the Calenterata. 
EcTosABC (Gr. ektos ; and sarx, flesh). The outer transparent sarcode-layer 

of certain Rhizopods, such as the Amctha, 
EoBNTULOus. Toothless, without any dental apparatus. Applied to the 

mouth of any animal, or to the hin^e of the bivalve Molluscs. 
Edbiophthalmata (Gr. hedraios, sitting; ophthalmos, eye). The division of 

Crustacea in which the eyes are sessile, and are not supported upon stalks. 
Elytra (Gt. dutron, a sheath). The chitinous anterior pair of wings in 

Beetles, which form cases for the posterior membranous wings. AJso 

applied to the scales or plates on the back of the Sea-mouse (Aphrodite). 
ExcEPHALOUS (Gr. eUj in; kephale, the head). Possessing a distinct head. 

Usually applied to all the MoUusca proper, except the LameUibranchiata, 
Encystation (Gr. en, in ; kustis, a bag). The transformation undergone by 

certain of the Protozoa, when they become motionless, and surround 

themselves by a thick coating or cyst. 
Endbbon (Gr. en, in ; deros, skin). The inner plane of growth of the outer 

integumentary layer (viz. the ectoderm, or epidermis). 
Endoctst (Gr. endon, within ; kustis, a bag). The inner membrane or intego- 

mentary layer of a Polyzoon, In Cristatella, where there is no * ectocyst/ 

the endocyst constitutes the entire integument. 
Endodebm (Gr. endon ; and derma, skin). The inner integumentary layer 

of the Calenterata. 
ENDOPODriB (Gr. endon ; and potts, foot). The inner of the two secondary 

joints into which the typical limb of a Crustacean is divided. 
Endosabc (Gr. endon ; and sarx, flesh). The inner molecular layer of sarcode 

in the Amoeba, and other allied Ehizopods. 
ExDOSKBLBTON (Gr. cndon, and skdetos, dry). The internal hard structures, 

such as bones, which serve for the attachment of muscles or the protection 

of organs, and which are not a mere hardening of the integument. 
Ensifobm (Lat. ensis, a sword ; forma, shape). Sword-shaped. 
Entomostbaca (Gr. entoma, insects; ostrakon, a shell). Literally Shelled 

Insects ; applied to a division of Crustacea. 
Entozoa (Gr. entos, within ; zobn, animal). Animals which are parasitic in 

the interior of other animals. 
EocBNE (Gr. eos, dawn; kainos, new or recent). The lowest division of the 

Tertiary Eocks, in which species of existing shells are to a small extent 

represented. 
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Efimbba (Grr. epi, upon ; meron, thigh). The lateral pieces of the dorsal arc 

of the somite of a Crustacean. 
Epipodia (Gr. epi, upon ; pons, the foot). Muscular lobes developed from 

the lateral and upper surfaces of the ' foot * of some Molluscs. 
EpiPODiTB (Grr. epi, upon ; pous, foot). A process developed upon the basal 

joint, or * protopodite,' of some of the limbs of certain Crustacea. 
Epistbbna (Gr. epi, upon; stemon, Uie breast-bone). The lateral pieces of 

the inferior, or ventral, arc of the somite of a Crustacean, 
Epistome (Gr. epi ; and stoma, mouth). A valve-like oi^an which arches 

over the mouth in certain of the Polyzoa. 
Epitheca (Gr. epi-, and tkcke, a sheath). A continuous layer surrounding 

the thecse in some Corals, and being the external indications of tabulse. 
Epizoa (Gr. epi, upon ; zoiin, animal). Animals which are parasitic upon 

other animals. In a restricted sense, a division of Crustacea which are 

parasitic upon fishes. 
EouiLATEBAii (Lat. (Bquus, equal; latus, side). Having its sides equal. 

Usually applied to the shells of the Brachiopoda. When applied to the 

spiral shells of the Foraminifera, it means that all the convolutions of the 

shell lie in the same plane. 
Ebrantia (Lat. erro, I wander). An order of Annelida, often called Ne^ 

reidea, distinguished by their great locomotive powers. 
EuBYpTBRiDA (Gr. eurus, broad ; pteron, wing). An extinct sub-order of 

Crustacea. 
ExopoDiTB (Gr. exo, outside ; pous, foot). The out«r of the two secondary 

joints into which the typical limb of a Crustacean is divided. 
ExosKELETON (Gr. exo, outside ; skeletos, dry). The external skeleton, which 

is constituted by a hardening of the outer layer of the integument, and 

is often called a ' dermoskeleton.* 

Fasciculated (Lat. fasciculus, a bundle). Arranged in bundles. 

Fauna (Lat. Fauni, the rural deities of the Eomans). The general assem- 
blage of the animals of any region or district. 

FiLiFOBM (Lat. filum, a thread ; forma, shape). Thread-shaped. 

Fission (Lat. Jindo, I cleave). Multiplication by means of a process of 
self-division. 

FissiPAEous (Lat. Jindo ; and pario, I produce). Giving origin to fresh 
structures by a process of fission. 

Flagellum (Lat. for whip). The lash-like appendage exhibited by many 
Infusoria, which are, therefore, said to be * flagellate.' 

Flora (Lat. Flora, the goddess of flowers). The general assemblage of 
the plants of any region or district. 

FooT-JAws. The limbs of Crustacea, which are modifled to subserve mas- 
tication. 

FooT-SECBETiON. The term applied by Mr. Dana to the sclerobasic coral- 
lum of certain Actinozoa, 

Foot-tubercles. The unarticulated appendages of the Annelida^ often 
called parapodia. 

Foraminifera (Lat. foramen, an aperture ; /<9ro, I carry). An order of 
Protozoa, usually characterised by the possession of a shell perforated by 
numerous pseudopodial apertures. 

Fusiform (Lat. fusus, a spindle ; and forma^ shape). Spindle-shaped, or 
pointed at both ends. 

Ganglion (Gr. gafffflion, a knot). A mass of nervous matter, giving origin 
to nerve-fibres. 
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Gasteropoda (Qr. paster^ stomach ; pmu, foot). The class of the Mottusca^ 
comprising the ordinary univalves, in which locomotion is usually effected 
by a muscular expansion of the undor surface of the body (the ' foot *). 

Gbmmje (Lut. gemmOt a bud). The buds produced by any animal, whether 
detached or not. 

Gemmation. The process of producing new structures by budding. 

Gemmiparous (Lat. gemma, a bud ; pariOf I produce). Giving origin to new 
structures by a process of budding. 

Gemmules (Lat dim. of gemma). The ciliated embryos of many Coelen' 
terata ; also the seed-like reproductive bodies, or * spores,' of Spongilla. 

Gladius (Lat. a sword). Applied to the homy endoskeleton, or * pen,' of 
certain Cuttle-fishes. 

Gnathttes (Gr. gnathoSf a jaw). The masticatory organs of Crustacea, 

GoNOBLASTiDiA (Gr. ffonos, offspring; hlastidion, dim. of Mastos, a bud). 
The processes which carry the reproductive receptacles, or * gonophores/ 
in many of the Ht/drozoa. 

GoNOCALYx (Gr. gonos ; and kaluXy cup). The swimming-bell in a mednsi- 
form gonophore, or the same structiire in a gonophore which is not 
detached. 

Gonophore (Gr. gonos ; and phero, I carry). The generative buds, op re- 
ceptacles of the reproductive elements, in the Kydrozoa^ whether these 
become detached or not. 

Gonosome (Gr. gonoB ; and soma, body). Applied as a collective term to 
the reproductive zooids of a Hydrozoon. 

GoNOTHECA (Gr. gonos ; and theke, a case). The chitinous receptacle, within 
which the gonophores of certain of the Hydrozoa are produced. 

GRAPTOLiTiDiE (Gr. gvapko, I write ; lithos, stone). An extinct sub-class of 
the Hydrozoa. 

Guard. The cylindrical fibrous sheath with which the internal cham- 
bered shell (phragmacone) of a Belemnite is protected. 

Gtmnoljemata (Gr. gumnos, naked ; laima, the throat). An order of the 
Polyzoa, in which the mouth is devoid of the valvular structure known 
as the * epistome.* 

Gymnophthalmata (Gr. gumnos ; and ophthalmos, the eye). Applied by Ed- 
ward Forbes to those Medusa in which the eye-specks at the margin of 
the disc are unprotected. The division is now abandoned. 

Gtmnosomata (Gr. gumnos, and soma, the body). The order of Pteropoda^ 
in which the body is not protected by a shell. 

Gynophores (Gr. gune, woman ; phero, I carry. The generative buds, or 
gonophores, of Hydrozoa, which contain ova alone, and differ in form firom 
those which contain spermatozoa. 

HiEMAL (Gr. kaima, blood). Connected with the bloodvessels, or with the 
circulatory system. 

Haltbrbs (Gr. kalteres, weights used by athletes to steady themselves in 
leaping). The rudimentary filaments, or * balancers,' which represent the 
posterior pair of wings in the Diptera, an order of Insects. 

Haustellate (Lat. haurio, I drink). Adapted for sucking or pnmping np 
fiuids ; applied to the mouth of certain Crustacea and Insecta. 

Hectocotylus (Gr. hekaton, a hundred; kottUos, a cup). The metamor- 
phosed reproductive arm of certain of the male Cuttle-fishes. In the 
Argonaut the arm becomes detached, and was originally described as a 
parasitic worm. 

Helmi^tphoid (Gr. hdmins, an intestinal worm). Worm-shaped, vermiform. 

Hemelytba (Gr. hemif half; elutron, a sheath). The wings of certain insects, 
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in whicH the apex of the wing is membranous, whilst the inner portion 

is chitinous, and resembles the elytron of a beetle. 
Hemimetabolic (6r. kefnit half; metabole, change). Applied to those 

Insects which undergo an incomplete metamorphosis. 
Hemipteba (Gr. hemi; and pteroUf wing). An order of Insects in which 

the anterior wings are * hemelytra.* 
Ebbmaphrodite (Gr. Hermes^ Mercury ; Aphrodite^ Venus). Possessing 

the characters of both sexes combined. 
Hetebooanoliate (Gr. heteros^ diverse ; gagglwrij a knot). Possessing a 

nervous system in which the ganglia are scattered and unsymmetrical 

(as in the MoUtcsca for example). 
Hexapod (Gr. hexa, six ; pous^ foot). Possessing six legs ; applied to the 

Insecta. 
Helum (Lat. hilumt a little thing). A small aperture (as in the gemmules 

of sponges), or a small depression (as in Noctiluea). 
HiBUDiNEA (Lat. hinidoy a horse-leech). The order of Annelida^ comprising 

the Leeches. 
HiSTOLooY (Gr. histoSy a web; logos, a discourse). The study of the tissues ; 

more especially of the minuter elements of the body. 
HoLOMETABOiJC (Gr. holos, whole; metabole^ change). Applied to Insects 

which undergo a complete metamorphosis. 
HoLOSTOMATA (Gr. koloSy whole ; stoTnay mouth). A division of Gaatero- 

podous Molluscs, in which the aperture of the shell is rounded, or 

* entire.* 
HoLOTHTTBoiDEA (Gr. kolos ; thura, gate ; and eidos, form). An order of 

Echinodermata, comprising the Trepangs. 
HoMOGANOLiATE (Gr. homos, like; gagglion, a knot). Having a nervous 

system in which the ganglia are symmetrically arranged (as in the 

Annulosa, for example). 
Homologous (Gr. homos ; and logos, a discourse). Applied to parts which 

are constructed upon the same fundamental plan. 
HoMOMOBPHOUs (Gr. hoTnos ; and morphe, form). Having a similar external 

appearance or form. 
Hyaijne (Gr. htmlos, crystal). Crystalline or glassy. 
Hydatids (Gr. htidaiis, a vesicle). The vesicle containing the larval forms 

(Echinococci) of the tape-worm of the dog. 
Hydbafobm. EesembHng the common fresh-water polype (Hydra) in 

form. 
Hydbocaulus (Gr. hudra, a water- serpent, and katUos, a stem). The main 

stem of the coenosarc of a Hydrozoon, 
Hydbocysts (Gr. hudra ; and ktisiis, a cyst). Curious processes attached 

to the coenosarc of the Phgsophorida, and termed * feelers' {fuhler emd 

taster of the Germans). 
Hydbcecium (Gr. hvdra ; and oikos, a house). The chamber into which the 

coenosarc in many of the Calycophorida can be retracted. 
Hydboida (Gt. hudra-, and eidos, form). The sub-class of the Hydrozoa, 

which comprises the animals most nearly allied to the Hydra^ 
Hydbophyllia (Gr. hvdra ; and phyllon, a leaf). Overlapping appendages 

or plates, which protect the polypi tes in some of the Oceanic Hydrozoa 

( CcdycophoridcB and Fhysophorida), They are often termed * bracts,' and 

are the ' deckstucke ' of the Germans. 
Hydbobhiza (Gr. hudra ; and rhiza, root). The adherent base or proximal 

extremity of any Hydrozoon. 
Hydbosoma (Gr. hvdra ; and soma, body). The entire organism of any 

hydrozoon* 
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HTDScyrmcA (Or. hudra ; and thekej a case). The little chitinons cups in 
which the pol^'pit^s of the Strtularula and Campanufarida are protected. 

Htdboeoa (G-r. hudra; and roon, animal). The class of the Oxlenterata^ 
which comprises animals constructed after the type of the Hydra. 

Htxknoptkka. (Gr. humen, a membrane ; pteron, a wing). An order of In- 
sects (comprising Bees, Ants, &c.) characterised by the possession of four 
membranous wings. 

Htfostomk (Gr. hupo, under; stoma, mouth). The upper lip, or 'labrum ' 
of certain Cruatacta (e.g. Trilobites). 

IcHTHTOPHTHiRA (Or. xchtkus, fish ; phthetTy a louse). An order of CruS' 
taceay comprising animals which are parasitic upon fishes. 

Ikaoo (Lat. an image, or apparition). The perfect insect, after it has 
undergone its metamorphosis. 

Imbricated. Applied to scales or plates which overlap one another like 
tiles. 

Inkquilatebal. Having the two sidas unequal ; as in the case of the shells 
of the ordinary bivalves (Lamelfibranchiaia). When applied to the 
shells of the Foraminifira, it implies that the convolutions of the shell do 
not lie in the same plane, but are obliquely wound round an axis. 

lyFUNDiBULUM (Lat. for funnel). The tube formed by the coalescence or 
apposition of the epipodia in the Cephalopoda, Commonly termed the 
* funnel,' or * siphon.' 

Infusobia (Lat. infusamy an infusion). A class of Protozodj so called be- 
cause they are often developed in organic infusions. 

Inopebcclata (Lat. i«, without ; operculum^ a lid). The division of pul- 
monate Crasteropoda in which there is no shelly or homy plate (oper- 
culum) by which the shell is closed when the animal is withdrawn with- , 
in it. j 

Insecta (Lat. tn^eco, I cut into). The class of Articulate animals commonly i 

known as Insects. I 

Intebambulacra. The rows of plates in an Echinod^erm, which are not i 

perforated for the emission of the * tube- feet.* 

Intussusception (Lat. intusy within ; suscipiOy 1 take up). The act of 
taking foreign matter into a living being. 

Invbrtbbbata (Lat. «», without; vertebra, a bone of the back). Animals 
without a spinal column or backbone. 

IsoPODA (Gr. isos, equal ; poda, feet). An order of Crustacea in which the 
feet are like one another and equal. 

Kainozoic (Gr. kainos, recent; zoe, life). The Tertiary period in G-eology, 

comprising those formations in which the organic remains approximate 

more or less closely to the existing fauna and flora. 
Keratode (Gr. keras, horn ; eidos, form). The homy substance of which 

the skeleton of many sponges is made up. 
Kebatosa. The division of Sponges in which the skeleton is composed of 

keratode. 

Labium (Lat. for lip). Kestricted to the lower lip of Articulate animals. 

Labrum (Lat. for lip). Kestricted to the upper lip of Articulate animals. 

IxSMODiPODA (G-r. laima, throat ; die, twice ; poda, feet). An order of 
Crustacea, so called because they have two feet placed far forwards, as 
it were under the throat. 

Lamellibranchiata (Lat. lamella, a plate, Gr. hragchia, gill). The class of 
MoUusca, comprising the ordinary bivalves, characterised by the posses- 
sion of lamellar giUs. 
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Labta (Lat. a mask). The inisect in its first stage after its emergence from 
the egg, when it is usually very different from the adult. 

Lenticulab (Lat. lenSj a bean). Shaped like a biconvex lens. 

Lepidoptera (Gr. lepis^ a sc&le ; pteron, a wing). An order of Insects, com- 
prising Butterflies and Moths, characterised by possessing four wings 
which are usually covered with minute scales. 

LiGuiA (Lat. ligula, a little tongue). The upper flexible portion of the 
labium or lower lip in Insects, 

LiNQUAx (Lat. lingua, the tongue). Connected with the tongue. 

LiTHOCYSTs (Grr. UtkoSj a stone ; kuatiSy a cyst). The sense-organs or * mar- 
ginal bodies ' of the Lucemarida or Steganophtkalmate Meduscs. 

LoPHOPHOBB (Gr. lopkoSf a crest ; and pneroy I carry). The disc or stage 
upon which the tentacles of the Polyzoa are borne. 

LopuYBOPODA (Gr. lophouros, having stiff hairs ; and poda, feet). An order 
of Crustacea. 

LoBiCA (Lat. a breast-plate). Applied to the protective case with which 
certain Infusoria are provided. 

LucEBNABiDA (Lat. lucema, a lamp). An order of the Hydrozoa. 

Macbuba (Gr. mahros, long ; oura, tail). The tribe of Decapod Crustaceans 

with long tails (e. g. the lobster, shrimp, &c.). 
Madbepobifobm. Perforated with small holes, like a coral ; applied to the 

tubercle by which the ambulacral system of the Echinoderms mostly com- 
municates with the exterior. 
Malacostbaca (Gr. malakos, soft; ostrakon, shell). A division of Crustacea. 

Originally applied by Aristotle to the entire class Crustacea^ because their 

shells were softer than those of the Mollusca. 
Maixophaga (Gr. maUos, a fleece; pAo^o, I eat). An order of Insects, which 

are mostly parasitic upon birds. 
Mammalia (Lat. mamma, the breast). The class of Vertebrate animals 

which suckle their young. 
Mandibles (Lat. mandibulum, a jaw). The upper pair of jaws in Insects ; 

also applied to one of the pairs of jaws in Crustacea and Spiders, to the 

beak of Cephalopods, &c. 
Mantle. The external integument of most of the Mollusca, which is largely 

developed and forms a cloak in which the viscera are protected. Techni- 
cally called the * pallium.* 
Manubbium (Lat. a handle). The polypite which is suspended from the 

roof of the swimming-bell of a M(dusa, or from the gonocalyx of a medu- 

siform gonophore, amongst the Hydrozoa. 
Mastax (Gr. mouth). The muscular pharynx or * buccal funnel * into which 

the mouth opens in most of the Rotifera. 
Maxillje (Lat. jaws). The inferior pair or pairs of jaws in the Arthropoda 

(Insects, Crustacea, &c.). 
Maxillipedes (Lat. maxiUa, jaws ; pes, the foot). The limbs in Crustacea 

and Myriapoda, which are converted into masticatoiy organs, and are 

commonly called * foot-jaws.' 
Medus-E. An order of Hydrozoa, commonly known as Jelly-fishes (Disco- 

phora, or Acalepha), so called because of the resemblance ot their tentacles 

to the snaky hair of the Medusa. Many Medusa are now known to be 

merely the gonophores of Hydrozoa. 
Medvsifobm. Besembling a Medusa in shape. 
Medusoid. Like a Medusa ; used substantively to designate the medusiform 

gonophores of the Hydrozoa. 
Mentum (Lat. the chin). The basal portion of the labium or lower lip in 

Insects. 
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Mkrostomata (Gr. nieron, thigh ; st&ma, mouth). An order of Crtiatacea, in 

which the appendages which are placed round the mouth and which offi- 
ciate as jaws, have their free extremities developed into walking or pre- 

bensile organs. 
Mbsbntbbies (Gr. mesos^ intermediate; enteroUy intestine). In a restricted 

sense, the vertical plates which divide the somatic cavity of a Sea-anemone 

(Actinia) into chambers. 
Mesopodium (Gr. Tnesos^ middle; pons, foot). The middle portion of the 

* foot ' of Molluscs. 
Mesothorax (Gr. mesos; and thorax, the chest). The middle ring of the 

thorax in Insects. 
Mbsozoic (Gr. mesos; and zoe^ life). The Secondary period in Geology. 
Metafodium (Gr. meta^ after; pous, the foot). The posterior lobe of the 

foot in Mollttsca ; often called the * operculigerous lube/ because it deve- 

lopes the operculum, when this structure is present. 
Mbtastoma (Gr. meta^ after; stoma, mouth). The plate which closes the 

mouth posteriorly in the Crustacea. 
Mbtathobax (Gr. tneta, after; thorax, the chest). The posterior ring of the 

thorax in insects. 
MiMEmc (Gr. mimetikos, imitative). Applied to organs or animals which 

resemble each other in external appearance but not in essential stmcture. 
MoLLUscA (Lat. mollis, soft). The sub-kingdom which includes the Shell- 
fish proper, the Polyzoa, the Tunicata, and the Lamp-shells ; so called 

from the generally soft nature of their bodies. 
Monads (Gr. monas, solitary). Microscopical organisms of an extremely 

simple character, developed in organic infusions. 
M0NOCTJ1.0US. Possessed of only one eye. 
Moxoscious (Gr. monos, single ; oikos, house). Applied to individuals in 

which the sexes are united. 
MoNOHTART (Gr. mofios, single ; miwn, muscle). Applied to those bivalves 

(Lamellibranchiata) in which the shell is closed by a single adductor 

muscle. 
MoNOTHALAMOTTs (Gr. moHos ; and thalamos, chamber). Possessing only a 

single chamber ; applied to the shells of Foraminifera and MoUuaca, 
MuLTiLOCUiAR (Lat. rnultus, many ; loculus, a little purse). Divided into 

many chambers. 
MuLTivALVB. Applied to shells which are composed of many pieces. 
Mybiapoda (Gr. murios, t-en thousand ; poda, feet). A class of Arthro- 

poda, comprising the Centipedes and their allies, characterised by their 

numerous feet. 
Nacreous (Fr. nacre, mother-of-peatl, originally Oriental). Pearly, of the 

texture of mother-of-pearl. 
Natatory (Lat. nare, to swim). Formed for swimming. 
Natjtiloid. Kesembling the shell of the Nautilus in shape. 
Nbctocaltx (Gr. necho, I swim ; kalux, cup). The swimming-bell, or 'disc*^ 

of a Medusa or Jelly-fish. 
Nematelmia (Gr. nema, thread ; helmins, a worm). The division of Scole- 

cida, comprising the Round-worms, Thread-worms, &c. 
Nbmatocysts (Gr, nema, thread ; kustis, a bag). The thread-cells of the 

Ccelenterata. {See Cnidse.) 
Nematoidea (Gr. fiema, thread ; eidos, form). An order of Scolecida com- 
prising the Thread-worms, Vinegar-eels, &c. 
Nematophores (Gr. nema, thread ; phero, I carryV Caecal processes, found 

on the coenosarc of certain of the Sertttlarida, containing numerous 

thread-cells at their extremities. 
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Kbmebtida (Gr. NemerteSt proper name). A dirision of the TurheUaHan 
WortfiSf commonly called ' Ribbon-worms.* 

Nbbyubbs (Lat. nervuSf a sinew). The ribs which support the membranous 
wings of insects. 

Nburai. (Gt. neuron^ a nerve). Connected with the nerrous system. 

NBUBOPODirM (Gr. neuron, a nerve ; pous, the foot). The ventral or inferior 
division of the * foot-tubercle ' of an Jnnelide ; often called the * ventral 
oar.* 

Nbueopteba (Gr. neuron ; and pteron, a wing). An order of Insects, cha- 
racterised by four membranous wings with numerous reticulated nervures 
(e.g. Dragon-flies). 

l^EUTBB (Lat. neither the one nor the other). Having no fully developed 
sex. 

NoTOBBANCHiATA. (Gr. notos, the back ; and hragchia, gill). Carrying the 
gills upon the back ; applied to a division of tne Annelida, 

NoTOPODiuM (Gr notos, the back, and pous, the foot). The dorsal division 
of one of the foot-tubercles or parapodia of an Annelide ; often called 
the * dorsal oar.' 

NucLEATBD. Possessing a nucleus or central particle. 

Nucleolus. 1. The minute solid particle in the interior of the nucleus of 
some cells. 2. The minute spherical particle attached to the exterior of 
the * nucleus/ or ovary, of certain Infusoria^ performing the functions of 
a testicle. 

Nucleus (Lat. nucleus, a kernel). 1. The solid or vesicular body found 
in many cells, 2. The solid rod- or band-shaped body, found in the in- 
terior of many of the Protozoa, and having, in certain of them, the func- 
tions of an ovary. 3. The * madreporiform tubercle ' of the Eckinoder- 
mata. 4. The embryonic shell which is retained to form the apex of the 
adult shell, in many of the MoUusca. 

NuDiBBANCHiATA (Lat. nudus, naked ; and Gr. hragchia, gill). An order of 
the Gasteropoda in which the gills are naked. 

Nymfhs. The active pupae of certain Insects. 

Oceanic, applied to animals which inhabit the open ocean ( = pelagic). 
Ocelli (Lat. diminutive of oculus, eye). The simple eyes of many Echino- 

derms. Spiders, Crustaceans, Molluscs, &c. 
OcTOPODA (Gr. octo, eight ; pouts, foot). The tribe of Cuttle-fishes, with 

eight arms attached to the head. 
Odontophobb (Gr. odous, tooth ; phero, 1 carry). The so-called ' tongue,* 

or masticatory apparatus of Gasteropoda, Pteropoda, and Cephalopoda, 
(Esophagus. The gullet or tube leading from the mouth to the stomach. 
OLioocHi£TA (Gr. oligos, few ; chaite, hair). An order of Annelida, com- 
prising the Earth-worms, in which there are few bristles. 
Opbbculata (Lat. operculum, a lid). A division of pulmonate Gasteropoda, 

in which the shell is closed b;y an operculum. 
Opebculum. a horny or shelly plate developed in certain MoUusca upon 

the hinder part of the foot, and serving to close the aperture of the shell 

when the animal is retracted within it ; also the lid of the shell of a 

Balanus or Acorn-shell. 
Ophiuboidea (Gr. ophis, snake; oura, tail; eidos, fbrm). An order of 

Echinodermata, comprising the Brittle-stars and Sand-stars. 
Opisthobbanchiata (Gr. opisthon, behind ; hragchia, gill). A division of 

Gasteropoda, in which the gills are placed on the posterior part of the 

body. 
Obal (Lat, OS, mouth). Connected with the mouthr 
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Obthoftbra (Gc- orthost straight ; pteron^ wing). An order of Insects. 
Oscui^ (Lat. diminutive of os, mouth). 1. The large apertures by which a 

sponge is perforated (* exhalent aperhires '). 2. The suckers with which 

the Taniada (Tape- worms and Cystic Worms) are provided. 
OssicuLA (Lat. diminutive of o«, bone). Literally small bones. Often used 

to designate any hard structures of small size, such as the calcareous 

plates in the integument of the Star-fishes. 
OsTHACoDA (Gr. ostrakon^ a shell). An order of small Crustaceans, which 

are enclosed in bivalve shells. 
OroLrrHs (Gr. ous^ ear; and lithos^ stone). The calcareous bodies eon- 

nectexl with the sense of hearing, even in its most rudimentary form. 
Otabian Vesicles or Capsules. The gonophores or generative buds of 

the Hydrozoa. 
Ovary (Ovarium). The organ by which ova are produced. 
Oviparous (Lat. ovum^ an egg ; and pario, I bring forth). Applied to ani- 
mals which bring forth eggs, in contradistinction to those which bring 

forth their young alive. 
Ovipositor (Lat. ovumy and pono^ I place). The organ possessed by some 

insects, by means of which the eggs are placed in a position suitable for 

their development. 
Ovoviviparous (Lat. ovum, egg ; vivus, alive ; pario, I produce). Applied to 

animals which retain their eggs within the body until they are hatched. 
Ovum (Lat an egg). The germ produced within the ovary, and capable 

under certain conditions of being developed into a new individuaL 

Pal;eontoloot (Gr. palaios, ancient ; and logos, discourse. The science of 
fossil remains or of extinct organised beings. 

Paljeozoic (Gr. palaios, ancient ; and zoe, life). Applied to the oldest of 
the great geological epochs. 

Pallium (Lat. paUium, a cloak). The mantle of the Mollusca. Pallial : 
relating to the mantle. Pallial line or impression: the line left in the 
dead shell by the muscular margin of the mantle. Pallial shell: a shell 
which is secreted by, or contained within, the mantle, such as the ' bone' 
of the Cuttle-fishes. 

Paixiobranchiata (Lat. pallium ; and Gr. hragchia, gill). An old name for 
the Brachiopoda, founded upon the belief that the system of tubes in 
the mantle constituted the gills. 

Paxpi QjBit.palpo, I touch). Processes, supposed to be organs of touch, 
developed ^m certain of the oral appendages in Insects, Spiders, and 
Crustacea ; and from the sides of the mouth in the Acephalous Molluscs. 

Papllla (Lat. for nipple). A minute soft prominence. 

Parietal (Lat. paries, a wall). Connected with the walls of a cavity or of 
the body. 

Parietosplanchnic (Lat. paries ; Gr. splagchnon, viscera). Applied to one 
of the nervous ganglia of the Mollusca, which supplies the walls of the 
body and the viscera. 

Parthenooenesis (Gr. parthenos, a virgin; and gignomai, to be bom). 
Strictly speaking, confined to the production of new individuals from 
virgin females by means of ova, without the intervention of a male. 
Sometimes used also to designate asexual reproduction by gemmation or 
fission. 

Pectinate (Lat. pecten, a comb). Comb-like ; applied to the gills of cer- 
tain Gasteropods, hence called Pectinibranchiata. 

Pedal (Lat. pes, the foot). Connected with the foot of Mollusca. 

Pedicellarls (Lat. pidicellus, a louse). Certain singular appendages found 
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in many Echinoderms, attached to the surface of the body, and resembling 
a little beak or forceps, supported on a stalk. 
Pedicle (Lat. dim. oipes^ the foot). A little stem. 

Pbdipalpi (Lat. pea, foot ; andpa^^, I feel). An order of Arachnida com- 
prising the Scorpions, &c. 
Peduncle (L&t. pedunciUus, a stem or stalk). In a restricted sense, applied 
to the muscular process by which certain Brackiopods are attached, and 
to the stem which bears the body (capitulum) in Barnacles. 
Pedunculate. Possessing a peduncle. 
Pelagic (Gr. pelagos, sea). Inhabiting the open ocean. 
Pelvis (Lat. for basin). Applied, from analogy, to the basal portion of the 

cup {calyx) of Crinoids. 
Pebg AMENTACEOUS (Lat. pergameua^ parchment). Of the texture of parch- 
ment. 
Perideem (Gr. ^m, around ; and derma, skin). The hard cuticular layer 

which is developed by the coenosarc of certain of the Hydrozoa, 
Peeigastkic (Gr. peri, around ; and gaster, stomach). The perigastric space 
is the cavity which surrounds the stomach and other viscera, correspond- 
ing to the abdominal cavity of the higher animals. 
Pbeiosteacum (Gr.jpm; and ostrakon, shell). The layer of epidermis which 

covers the shell in most of the MoUtisca, 
Peeiplast (Gr. peri ; and plasso, 1 mould). The intercellular substance or 

matrix, in which the organised structures of a tissue are imbedded. 
Peeisomb (Gr.^^m; and soma, body). The coriaceous T)r calcareous inte- 
gument of the Echinodermata, 
Peeistomb {QtT.peH; and stoma, mouth). The space which intervenes 
between the mouth and the margin of the calyx in Vorticella ; also the 
space between the mouth and the tentacles in a Sea-anemone (Actinia) ; 
also the lip or margin of the month of a univalve shell. 
Pebiviscebal (Gr. peri ; and Lat. viscera, the internal organs). Applied to 

the space surrounding the viscera. 
Petaloid. Shaped like the petal of a flower. 
Phaeynx. The dilated commencement of the gullet. 
Pheagmacone {Gr.phragma, a partition ; and konos, a cone). The chambered 

portion of the internal shell of a Belemnite. 
Phylactolemata (Gr. pkulasso, I guard, and laima, throat). The division 
of Folyzoa, in which the mouth is provided with the arched valvular pro- 
cess known as the * epistome.' 
Phyllocysts (Gr. phullon, leaf; and kustis, a cyst). The cavities in the 

interior of the ' hydrophyllia * of certain of the Oceanic Hydrozoa. 
Phyllopoda (Gr. phvUon, leaf; an^pous, foot). An order of Crustacea, 
Phyogemmaeia (Gr. phuo, I produce ; and Lat. gemma, bud). The small 

gonoblastidia of Velella, one of the Physopkorida. 
Physogeada (Gr. phusa, bellows or air-bladder ; and Lat. gradior, I walk). 
Applied formerly to the PhysophoridtB, an order of Oceanic Hydrozoa, in 
which a ' float ' is present. 
Physophorid^ (Gr. phusa, air-bladder ; and phero, I carry). An order of 

Oceanic Hydrozoa, 
Phytoid (Gr. phuton, a plant ; and eidos, form). Plant-like. 
Phytophagous (Gr. phuton, a plant ; and phago, I eat). Plant-eating, or 

herbivorous. 
Pinnate (Lat. pinna, a feather). Feather-shaped, or possessing lateral 

processes. 
Pinnule (Lat. dim. of pinna). The lateral processes of the arms of 

Crinoids, 
VOL. L X 
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Planartda (Gp. planif wandering). A sub-order of the Tur})eUana. 
Planula (Lat. planus, flat). The oval ciliated embryo of certain of the 

Ifydrozoa. 
Plattelmia (6r. plains, broad; and helmins, an intestinal worm). The 

division of Scolecida comprising the Tape- worms, &c. 
Plburon (Gr. pleuron, a rib). The lateral extensions of the shell of 

Crustacea. 
pNEUMATOCYaT (Gr. pneuma, air; and kusiis, cyst). The air-sac or float of 

certain of the Oceanic Hydrozoa (Pkysophorida). 
Pneumatophobb (Gr. pneiima, air; and phero, I carry). The proximal 
■ dilatation of the coenosarc in the Physophorida, which surrounds the 

pneumatocyst. 
X^UMOSKELETON (Gr. pneuma ; and skdetos, dry). The hard structures 

which are connected with the breathing organs (e.g. the shell of Molluscs). 
PoDOPHTHALMATA (Gr. pous, foot ; and ophthalmos, eye). The division of 

Crustacea in which the eyes are borne at the end of long foot-stalks. 
PoDOSOMATA (Gr. pous, foot, soma, body). An order of Arachnida. 
PoLYCYSTiNA (Gr. polus, many ; and kustis, a cyst). Au order of Protozoa, 

with foraminated siliceous shells. 
PoLTGASTBicA (Gr. polus ; and gaster, stomach). The name applied by 

Ehrenberg to the Infusoria, under the belief that they possessed many 

stomachs. 
PoLTPARY. The' hard, chitinous covering secreted by many of the 

Hydrozoa. 
Polype (Gr. pohis, many ; pous, foot). Kestricted to the single individual 

of a simple Actinozoon, such as a Sea- anemone, or to the separate zooids 

of a compound Actinozoon. Often applied indiscriminately to any of the 

Ccelenterata, "or even to the Polyzoa. 
PoLYPiDB. The separate zooid of a Polyzoon. 

PoLYPiDOM. The dermal system of a colony of a Hydrozoon, or Polyzoon. 
PoLYPiTE. The separate zooid of a Hydrozoon. 
PoLYSTOME (Gr. polus, many ; and stoma, mouth). Having many mouths ; 

applied to the Acineta amongst the Protozoa. 
PoLYTHALAMOus (Gr. polus', and ihalamos, chamber). Having many 

chambers ; applied to the shells of Foraminifera and Cephalopoda. 
PoLYzoA (Gr. polus; and zoon, animal). A division of the Molluscoida, 

comprising compound animals, such as the Sea-mat. Sometimes called 

Bryozoa. 
PoLYZbARiuM. The dermal system of the colony of a Polyzoon (= Poly^ 

pidom). 
Po|tCELLANOUS. Of the texture of porcelain. 

PoBiFEBA {l2it.porus, & pore; &nd fero, I carry). Sometimes used to desig- 
nate the Foraminifera, or the Sponges, 
PosT-ANAL. Situated behind the anus. 
PosT-(EsoPHAOEAL. Situated behind the gullet. 
PosT-ORAL. Situated behind the mouth. 
PRuE-<ES0PHAGtEAL. Situated in front of the gullet. 
Proboscis (Lat. or Gr. the snout). Applied to the spiral trunk of Lepido- 

pterous Insects, to the projecting mouth of certain Crinoids, and to the 

central polypite in the Medusa. 
Proglottis (Gr. for the tip of the tongue). The generative segment- or 

joint of a tape-worm. 
Pro- LEGS. The false abdominal feet of caterpillars. 
Pbopodium {Gi.prOf before; potts, foot). The anterior part of the foot in 

Molluscs. 
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Pboscolex (Gr. |wo, before; skoleXy worm). The first embryonic stage of a 
Tape- worm. 

PBOSoBRANCHiiLTA (Gr. proson^ in advance of; bragchiaf a gill). A division 
of Gasteropodous Molluscs in which the gills are situated in advance of 
the heart. 

Pbosoma (Gr. pro, before ; somat body). The anterior part of the body. 

Pbothoeax (Gr. pro ; and tkcrax, chest). The anterior ring of the thorax 
of insects. 

Pbotopoditb (Gr. protos, first ; and pous, foot). The basal segment of the 
typical limb of a Crustacean, 

Protophyta (Gr. protoa ; BJidLphuton, plant). The lowest division of plants. 

Protoplasm (Gr. protos ; and plasso, I mould). The elementary basis of 
organised tissues — consisting of an albuminoid, coagulable body. Some- 
times used synonymously for ' sarcode.* 

Protozoa (Gr. protoa ; and zobn^ animal). The lowest division of the ani- 
mal kingdom. 

Proximal (Lat. proximuSy next). The slowly-growing comparatively fixed 
extremity of a limb or of an organism. 

PsEUDBMBBYO (Gr. pseudos, false ; embrtum, embryo). The larval form of 
an Echinoderm. 

PsEUDo-HJBMAL (Gr. pseudos ; false, and haima, blood). Applied to the vas- 
cular system of Annelida. 

PsEUDO-HBABTS. Certain contractile cavities connected with the atrial 
system of Brachiopoda, and long considered to be hearts. 

PsEUDO-NAViCBLLJE (Gr. pseudoSf false ; and Navicular a genus of Diatoms). 
The embryonic forms of the Gregarinida, so called from their resem- 
blance in shape to the Navictda. 

PsEUDOPODLi (Gr. pseudos ; and pons, foot). The extensions of the body- 
substance which are put forth by the Rhizopoda at will, and which serve 
for locomotion and prehension. 

PsBUDOVA (Gr. pseudos ; Lat. ovum, egg). The egg-like bodies from which 
the young of the viviparous Aphis are produced. 

Ptbbopoda (Gr. pteron, wing ; and pons, foot). A class of the Mollusca, 
which swim by means of fins attached near the head. 

PuLMONABiA. A divisiou of ArachnidGf which breathe by means of pulmo- 
nary sacs. 

PULMONATE. PoSBCSsiug luUgS. 

PuLMONiFEEA (Lat. pulmo, a lung ; and fero, I carry). The division of 
MoUusca which breathe by means of a pulmonary chamber. 

PuLMOOASTEBOPODA ( = Pulmouifera). 

Pupa (Lat. a doll). The stage of an insect, immediately preceeding its 
appearance in a perfect condition. In the pupa-stage it is usually quies- 
cent — when it is often called a * chrysalis ' — but it is sometimes aictive — 
when it is oft^n called a ' nymph.' 

Pybifobm (JiAt, pyrus, a pear, and/o;»mfl, form). Pear-shaped. 

Kadiata (Lat. radius, a ray). Formerly applied to a large number of 
animals, which are now placed in separate sub-kingdoms (e.g. the Caleft* 
teraia, the Echinodermata, the Infusoria, &c.). 

Badiolabia (Lat. radius, a ray). A division of Protozoa, 

Kbticulabia (Lat. reticvhim, a net). Employed by Dr. Carpenter to desig- 
nate those Protozoa, such as the Foramintfera, in which the pseudopodia 
run into ond another and form a net-work. 

Bevbbsed. Applied to spiral univalves, in which the direction of the 
spiral is the reverse of the normal ; i.e. sinistral, 

x2 
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KmzoPODA (Gr. rhiza^ root ; and jmus, foot). The division of Protozoa com- 
prising all those which are capable of emitting pseudopodia. 

Rhtncholites (6r. rhunchos, beak ; and liihoa, stone). Beak-shaped fossils, 
consisting of the mandibles of Cephalopoda. 

BosTBUM (Lat. rostrum^ beak). The * beak,* or suctorial organ formed by 
the appendages of the mouth in certain insects. 

BoTATOBiA ( «s Rotifera). 

KoTiFBBA (Lat. rota^ wheel; and /<fro, I carry). A class of the Scolecida 
{Annuloida), characterised by a ciliated ' trochal disc' 

KuoosA (Lat. nigosus, wrinkled). An extinct order of Corals. 

Sand-canal ( = Stonb-canal). The tube by which water is conveyed from 
the exterior to the ambulacral system of the Echinodermata. 

Sabcodb (Gr. sarx^ flesh ; eidos, form). The jelly-like substance of which 
the bodies of Protozoa are composed. It is an albuminous body contain- 
ing oil-granules, and is sometimes called ' animal protoplasm.' 

Sabcoids (Gr. sarx ; and eidoa^ form). The separate amcebiform particles 
which in the aggregate make up the * flesh ' of a Sponge. 

ScAPHOGNATHiTB (Gr, sJcapJios, boat ; and gnathos, jaw). The boat-shaped 
appendage (epipodite) of the second pair of maxillae in the Lobster ; the 
function of which is to spoon out the water from the branchial chamber. 
.Scapula (Lat. for shoulder-blade). The shoulder-blade; in a restricted 
sense, tne row of plates in the cup of CrinoidSf which give origin to the 
arms, and are usually called the ' axillary radials.' 

ScLBBENCHYMA (Gr. skleros, hard ; and ench^Tna, tissue). The calcareous 
tissue of which a coral is composed. 

ScLEBiTES (Gr. skleros). The calcareous spicules which are scattered in 
the soft tissues of certain Actinozoa. 

ScLBBOBASic (Gr. sJderoSj hard ; basiSy pedestal). The coral which is pro- 
duced by the outer surface of the integument in certain Actinozoa (e.g. 
Bed Coral) and forms a solid axis which is invested by the soft parts of 
the animal. It is called * foot-secretion* by Mr. Dana. 

ScLBBODEBMic (Gr. sJcleros ; and derma^ skin). Applied to the corallum 
which is deposited within the tissues of certain Actinozoa^ and is called 

* tissue-secretion* by Mr. Dana. 

ScoLECiDA (Gr. skoleXf worm). A division of the Anmdoida, 

ScoLBX (Gr. skolex). The embryonic stage of the Tape-worm, formerly 

known as a * Cystic Worm.* 
Sepiostaibe. The internal shell of the Cuttle-fish, commonly known as the 

* cuttle-bone.* 
Septa. Partitions. 

Sbbttjlabida (Lat. sertuMf a wreath). An order of Hydrozoa. 

Sessile (Lat. aedo, I sit). Not supported upon a stalk, or peduncle ; attached 
by a base. 

Set^ (Lat. bristles). Bristles, or long stiff hairs. 

Sbtifebous. Supporting bristles. 

Setigebous ( = Setiferou8). 

Setose. Bristly. 

SiMCEors (Lat. sUeXy flint). Composed of flint. 

Sinistbal (Lat. sinistra, the left hand). Left-handed ; applied to the direc- 
tion of the spiral in certain shells, which are said to be * reversed.' 

Sinus (Lat. sinuSy a bay). A dQated vein or blood-receptacle, 

Siphon (Gr. siphon^ a tube). Applied to the respiratory tubes in the 
Mollusca ; also to other tubes of different functions. 

SiPHONOPHOBA (Gr. siphon ; and^Aero, I carry). A division of the Sydroeoa, 
comprising the OceoxLic ioims {Calycophorida and Physophorid<s,) 
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SiPHONOSTOMATA. (Gr. siphon ; and stomas mouth). The division of Gas- 
teropodous MoUtiscSf in which the aperture of the shell is not 'entire,* 
but possesses a notch or tube for the emission of the respiratory siphon. 
SiPHUWCLB (Lat. siphtmcultiSf a little tube). The tube which connects 
together the various chambers of the shell of certain Cephalopoda (e.g. 
the Pearly Nautilus). 
SiPXJNCULOiDEA (Lat. sipkunculus, a little siphon). A class of Anarthropoda 

{Annulosa). 
Somatic (Gr. soma^ body). Connected with the body. 
SoMATocYST (Gr. soma; and kustis, a cyst). A peculiar cavity in the 

coenosarc of the Calycophoridee {Hydrozoa), 
Somite (Gr. soma), A single segment in the body of an Articulate 

animal. 
Spermabtum. The organ in which spermatozoa are produced. 
Spebmatophores (Gr. sperms, seed; and ph(rOy I carry). The cylindrical 
capsules of the Cephalopoda, which carry the spermatozoa ; sometimes 
called the * moving filaments of Needham.* 
Spermatozoa (Gr. sperma, seed; and zoon, animal). The microscopic fila- 
ments which form the essential generative element of the male. 
Spicttla (Lat. spiculum, a point). Pointed needle-shaped bodies. 
Spinnerets. The organs by meahs of which Spiders and Caterpillars spin 

threads. 
Spiracles (Lat. spiro, I breathe). The breathing-pores, or apertures of the 

breathing-tubes (tracheae) of Insects. 
Bplanchnoskeleton (Gr. splagchnon, viscera ; skeletos, dry). The hard 
structures occasionally developed in connection with the internal organs 
or viscera. 
Sponge-particles. {See Sarcoids.) 
Sponolda (Gr. spoggos^ a sponge). The division of Protozoa^ commonly 

known as Sponges. 
Spores (Gr. spora, seed). Germs, usually of plants ; in a restricted 

sense, the reproductive * gemmules ' of certain Sponges. 
Sporosacs (Gr. spora, seed; and sakkos, a bag). The simple generative 
buds of certain Hydrozoa, in which the medusoid structure is not deve- 
loped. 
Statoblasts (Gr, statos^ stationary ; hlastos, bud). Certain reproductive 
buds developed in the interior of Folyzoa^ but not liberated until the 
death of the parent organism. 
Steganophthalmata (Gr. steganos, covered; and ophthalmos, the eye). 
Applied by Edward Forbes to certain Medusce, in which the sense-organs 
(* marginal bodies') are protected by a sort of hood. The Steganophthal- 
mata are now separated from the true MedusidcB, and placed in a sepa- 
rate division under the name Lucemarida. 
Stellerida (Lat. stella, star). Sometimes employed to designate the order 

of the Star-fishes. 
Stelliform. Star-shaped. 
Stbmmata (Gr. stemma^ garland). The simple eyes, or * ocelli,* of certain 

animals, such as Insects, Spiders, and Crustacea. 
Sternum (Gr. stemon). The breast-bone. 
Stigmata. The breathing-pores in Insects and Arachnida, 
Stolon (Gr. stolos, a sending forth). Offshoots. — The connecting processes 
of sarcode, in Foraminifera ; the connecting tube in the social Ascidians ; 
the processes sent out by the coenosarc of certain Actinozoa. 
Stomapoda (Gr. stoTna^ mouth ; and potLS^ foot). An order of Crustacea. 
Sto^todb (Gr. stoma). Possessing a mouth. The Infusoria are tlius often 
called the Stomatode Protozoa, 
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Stbepsipteba (Gr. strepho, I twist ; and pteront wing). An order of Insects, 
in which the anterior wings are represented by twisted rudiments. 

Stbobila (Gr. strobUos, a top, or fir-cone). The adult tape- worm with its 
generative segments or proglottides. Also applied to one of the stages 
in the life-history of the Lucemarida, 

Sttlifobm (Lat. stylus, a pointed instrument ; forma, form). Pointed in 
shape. 

SuB-CALCABEOUS. Somewhat calcareous. 

Sub-central. Nearly central, but not quite. 

SuB-PEDUNCULATB. Supported upon a very short stem. 

Sub- SESSILE. Nearly sessile, or without a stalk. 

Suture (Lat. suo, I sew). The line of junction of two parts which are im- 
movably connected together. Applied to the line where the whorls of a 
univalve shell join one another; also to the lines made upon the exterior 
of the shell of a chambered CephcUopod by the margins of the septa. 

SwiMMEBETS. The limbs of Crustacea, which are adapted for swimming. 

Synapticuljb (Gr. sunapto, I fasten together). Transverse props sometimes 
found in Corals, extending across the loculi like the bars of a grate. 

Systole (Gr, stcstello, I contract). Applied to the contraction of any con- 
tractile cavity, especially the heart. 

Tabula (Lat. tabula, a tablet). Horizontal plates or floors found in some 
corals, extending across the cavity of the ' theca,' from side to side. 

Tactile (Lat. tango, I touch). Connected with the sense of touch. 

T.CXIADA (Gr. tainia, a ribbon.) The division of Scolecida comprising the 
Tape-worms. 

Tjenioid (Gr. tainia ; and eidos, form). Eibbon-shaped, like a tape-worm. 

Tectibbanchiata (Lat tectus, covered ; and Gr. hragchia, gills). A divi- 
sion of Opistkobranchiate Gasteropoda in which the gills are protected 
by the mantle. 

Tegumentabt (Lat. tegumentum, a covering). Connected with the integu- 
ment or skin. 

Telson (Gr. telson, a limit). The last joint in the abdomen of Crustacea; 
variously regarded as a segment without appendages, or as an azygos 
appendage. 

Tergum (Lit. for back). The dorsal arc of the somite of an Arthropod. 

Terbicola (Lat. terra, earth ; and cola, I inhabit). Employed occasionally 
to designate the Earth-worms (Lumbricida). 

Test (Lat. testa, shell). The shell of Moliusca, which are for this reason 
sometimes called * Testacea ; ' also the calcareous case of Echinoderms ; 
also the thick leathery outer tunic in the Tunicata, 

Testaceous, provided with a shell or hard covering. 

Testis (Lat. testis, the testicle). The organ in the male animal which pro- 
duces the generative fluid or semen. 

Trtrabranchiata (Gr. tetra, four ; and bragchia, gill). The order of Cepha- 
lopoda, characterised by the possession of four gills. 

Thalassicolllda (Gr. tkalassa, sea; and kolla, glue). A division of Pro" 
tozoa. 

Thbca (Gr. theke, a sheath). A sheath or receptacle. 

Thbcosomata (Gr. theJce ; and soma, body). A division of Pteropodotis Mol» 
luscs, in which the body is protected by an external shell. 

Thr£AI>-cells. (See Cnidse.) 

Thysakura (Gr. thusanoi, fringes ; and oura, tail). An order of Apterous 
insects. 

Tbach&s (Gr. tracheia, the windpipe). The breathing tubes of insectSt 
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Tbachbaria. The division of Araehnida which breathe by means of 

tracheae. 
Trbmatoda (Gr. tremCf a pore). An order of Scolecida, 
Trichocysts (Grr. thrixj hair ; and kustis, a cyst). Peculiar cells found in 

certain InftLsoriay and very nearly identical with the * thread-cells * of 

Coelenterata, 
Teilobita (Gr. treia^ three ; and lohos^ a lobe). An extinct order of CruS' 

taceans. 
Teitozooids (Gr. tritos, third ; eoon, animal ; and eidos, form). The zooid 

produced by a deuterozooid ; that is to say, a zooid of the third generation. 
Tbochaii (Gr. trochos, a wheel). Wheel-shaped ; applied to the ciliated disc 

of the Motif era. 
Tbochoid (Gr. trochos^ a wheel, and eidoa^ form). Conical with a flat base ; 

applied to the shells of Foraminifera and Univalve Molluscs. 
TIbovwl (Gr. trophps, a nourisher). The parts of the mouth in insects, 

which are concerned in the acquisition and preparation of food. Often 

called ' instrumenta cibaria.' 
Tbophosomb (Gr. trepho, I nourish ; and soma, body). Applied collectively 

to the assemblage of the nutritive zooids of any Hydrozoon, 
TiiUNCATBD (Lat truncoy I shorten). Abruptly cut oflF; applied to univalve 

shells the apex of which breaks off, so that the shell becomes ' decollated/ 
TuBicouL (Lat. tvha, a tube ; and cola, I inhabit). The order of Annelida, 

which construct a tubular case in which they protect themselves, 
TuBicoLOus. Inhabiting a tube. 

TuKiCATA (Lat. tunica, a cloak). A class of MoUicscoida which are enve- 
loped in a tough leathery case or ' test.* 
Ttjbbbsllaria (Lat. turbo, I disturb). An order of Scolecida, 
TuBBiNATBD (Lat. turbo, a top). Top-shaped, conical with a round base. 

Umbellate (Lat. umbeilla, a parasol). Forming an umbel ; i.e. a number of 

nearly equal radii all proceeding from one point. 
Umbilicus (Lat for navel). The aperture seen at the base of the axis 

of certain univalve shells, which are then said to be ' perforated' or ' um- 

bi Heated.' 
Umbo (Lat. umbo, the boss of a shield). The beak of a bivalve shelL 
Umbrella. The contractile disc of one of the Lucemarida. 
Uncinate (Lat. undnus, a hook). Provided with hooks or bent spines. 
Uniloculab (Lat. unus, one ; and loculus, a little purse). Possessing a single 

cavity or chamber. Applied to the shells of Foraminifera and Mollusca, 
Untvalve (Lat. unus, one ; valva, folding-doors). A shell composed of a 

single piece or valve. 
Urticating Cells (Lat. urtica, a nettle). {See Cnidse.) 

Vacuoles (Lat. vaxMUS, empty). The little cavities formed in the interior 
of many of the Protozoa by the presence of little particles of food, 
usually surrounded by a little water. These are properly called ' food- 
vacuoles,' and were supposed to be stomachs by Ehrenberg. Also the 
clear spaces which are often seen in the tissues of many Ccdenterata. 

Varices (Lat. varix, a dilated vein). The ridges or spinose lines, which 
mark the former position of the mouth in certain univalve shells. 

Vascular (Lat. vas, a Vessel). Connected with the circulatory system. 

Velum (Lat. a sail). The membrane which surrounds and partially closes 
the mouth of the * disc ' of Medusa, or medusiform gonophores. 

Ventral (Lat. venter, the stomach). Relating to the inferior surface of the 
body. 
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Vkbmifobm (Lat. vermis, worm ; And/orma^ form). "Worm-like. 

Vbbtbbrata (Lat. vertebra, a bone of the back, from vertere, to turn). The 
division of the Animal Kingdom, roughly characterised by the posses- 
sion of a backbone. 

Vesicle (Lat. vesica, a bladder). A little sac or cyst. 

ViBRACULA (Lat. vibro, I shake). Long filumentous appendages found in 
many Tolyzoa. 

YiBBioxES (Lat. vibro, I shake). The little moving filaments developed in, 
organic infusions. 

VnoPABous (Lat. vivus, alive ; and jpflm, I bring forth). Bringing forth 
young alive. 

Whorl. The spiral turn of a univalve shell. 

XiPHOSUBA (Gr. xiphos, a sword ; and oura, tail). An order of Crustacea^ 
comprising the Limuli or King-crabs, characterised by their long sword- 
like tails. 

Xtlophaoous (Grr. xulon, wood ; and phago, I eat). Eating wood ; applied 
to certain Mollusca. 

ZooiD (Gr. zooTif animal ; and eidos, like). The more or less completely in- 
dependent organisms, produced by gemmation or fission, whether these 
remain attached to one another or are detached and set free. 

Zoophyte (Gr. zoon, animal ; &udL phuton, plant). Loosely applied to many 
plant-like animals, such as Sponges, Corals, Sea-anemones, Sea-mats, &c. 

Zoospores (Gr. zoon, animal ; and spora, seed). The ciliated locomotive 
germs of some of the lowest forms of plants {Frotophyta), 
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Abdominalia {Cirripedia)^ 
177 ; characters, 182 

AbylOt 81 

Acalepfue, 84, 87 

Acarida, 201 

AcarinOj 200, 201, 202 

Acanthocephakif 141 ; charac- 
ters of, 151 

Acanthometrina, 52 

Acanthospongia, 58 

Acephala {Mollusca), 251 

AcervuUna, 49 

Acetabula, 270, 271 

Achetina, 219 

Achtheres, 178 

AciculOy 268 

Aciculidce, 265, 268 

Acinela, 64 

Acmcea, 266 

Acrotreta, 248 

Acteonia, 267 

^rtinia, 100 

Actinidce, 99, 100; develop- 
ment of, 101 

Actinomeres, 111 

Aetinophrys, 45, 50, 52 

Actinosoma, 98, 99 

Actinozoa, 97 ; general cha- 
racters of, 97, 98 ; divisions 
of, 99 ; distribution of, 115 

Aculeus, 223 

Adelarthrosomataj 202 

jEginidoe^ 87 

JEginopsis, 87 

jEolidce, 264, 267 

.<«;i)/M, 267 

Agathistega, 50 

Agelacrinites, 136 

Alq/onaria, 99 ; characters 
and divisions of, 106, 107 ; 
distribution of. In time, 119 

Alqfonidce, 107 

Alq/onium, 107 

Alveolus (Belemnite), 278 

Amber, insects preserved in, 
226 

Ambulacral eystem (of £cAt- 
nw), 126 

Ametabola, 214, 216 

Ammonites^ 281, 282, 284 

Ammonitidoe^ 279; characters 
of, 280 ; distribution of, in 
time, 284 

Amceba, 6, 42; structure of, 
43 ; reproduction of, 44 

Amoebeaf 43, 45 



' Amphldiscs, 56 

Amphipoda, 177; characters 
of, 190 

Amphispongiay 58 

Ampullaria, 266 

Analogy, 14 

Anarthropoda, 169 

Anatina, 267 

Anatinidce, 256, 257 

Ancyloceras, 280, 282 

Anq/lus, 268, 283 

Androphores, 83 

Anguillula, 153 

Anguillulidce, 163 

^ntjonema, 64 

Annelida^ 169 ; characters of, 
160; pseudo-hsemal system 
of, 161 ; orders of, 162 ; dis- 
tribution of, in time, 168 ; 
phosphorescence of, 64 ; ur- 
ticating cells of, 67 

Annulata (see Annelida) 

Annuloida, 121 ; divisions of, 
121 

Annulosa, 159; primary di- 
visions of, 159 

Anodon, 266 

Anomura, 177 ; characters of, 
193 

Anoplura, 216 

Antennae, of lobster, 176 ; of 
Arachnida, 198 ; of Myria- 
poda, 207 ; of Insecta, 213 

Antennules of lobster, 176 ; 
of Limulus, 188 

Antipathesy 103, 119 

AnUpathidoe, 103, 108, 119 

Antlia, 211, 222 

Ants, 224 ; communities of, 
224 ; slave-making instinct 
of, 225 ; relations with 
Plant-lice, 225 

Aphanipteraj 221 

Aphides, 218 ; alleged parthe- 
nogenesis of, 29 

Aphrodite, 166, 169 

ApioaHnidce, 134, 139 

Aplysia, 267 

Aplysiadoe, 264, 267 

Apoda (Cirripedia), 177 ; cha- 
racters of, 182 

Apodemata, 174 

Apolemiadce, 84 

Aporosa (Corals), 106, 119, 
120 

Aporrhaii, 266 



Appendicularia, 242, 244 

Aptera, 214, 216 

Apm, 186, 196 

Aquiferous system (see 
Water-vascular system) 

Arachnida, 170, 171 ; charac- 
ters of, 197-200 ; somite of, 
198; organs of the mouth 
of, 198 ; respiratory process 
of, 200 ; distribution of, in 
time, 206 

Arantida, 203 ; chai acters of, 
204 ; webs of, 204 ; n pro- 
ductive process of, 204; 
diBtnbution of, in time, 206 

Area, 266 

Arcad(e, 256, 266 

Arcella, 45, 50 

Atchoeocidaris, 140 

Archoeocyathus, 58 

Aichiulidve,20% 

Archiulus, 208 

Arctisca, 201 

Arenicola, 168, 169 

Argonauta, 270 ; shell of, 274, 
276 ; reproductive process 
of, 273 ; hectocotylus of, 274 

Argonautidd, lib, 281, 284 

Aristotle's Lantern, 127 

Arms, of Starfishes, 129; of 
Ophiuroidea, 131 ; of Cri- 
noidea, 133 ; of Comatula, 
134 ; of Cystdidea, 135 ; of 
Brachiopoda,2U ; of Cuttle- 
fishes, 270 ; of Nautilus, 278 

At temia, 185 

Arthrogastra, 203 

Arthropoda, 170 

Articulata, 170 

Ascaris, 162, 164 

Ascidiadfe, 243, 244 

Ascidioida (see Tunicata), 240 

Ascidians, solitary, social, 
and compound, 243 

Ascoceras, 280 

Asiphonida (LamellU>ranchi- 
ata), 255, 266, 283 

Aspergillum, 2o7 

Asplanchna, 167 

Astarte, 267 

Asteriada:, 131 

Asterinidce, 131 

Asteroidea, 122, 123; general 
characters of, 129 ; families 
of, 131 ; distribution of, in 
Bi»ce, 138 ; in time, 140 
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jl«r»Yi»iV/<F, 118, 120 
Astrogonium, 140 
Attroftfcten, 140 
Astropectinidce, 131 
AMlrophpdue^ 182 
Aftrophpton, 131 
AthorybiadtPi 84 
Athpria, 247 
Atlanta, 267 
il//an/td(V,265, 267 
AtolLs, lie, 116 
Atrial sj'steni (Brachiopoda)^ 

246 
Atrinm (Tunieata), 241 
Auloporida, 120 
Aulostegis, 248 
Aurelia, 93 
Aurelia, 21 iS 
Auricula, 268 
AuneulicUe, 265, 268 
ilvjctt/a, 256 
Ayicnlaria, 236 
AvieuHdas. 255, 256 
AxinuSf 256 



Bacteria, 33 

Bartrites, 284 

Baeulites, 280, 282 

Balancers, 222 

Bafanida, 177, 179, 180, 181, 
182 ; distribution of, in time, 
196 

Balanus, 180 

Barrier-reefe. 115, 116 

Barnacles, 181 

Bathytnw, 9, 50, 51 

Bees, parthenogenesis of, 29, 
80, 224 ; communities of, 223 

Befemnites, structure of, 277 

Belemnitida, 277, 281 ; distri- 
bution of, in time, 284 

Belemnifeila, 281 

Be/emnoteuthis, 281 

Belinurus, 196 

Bellerophina, 283 

Betlerophon, 267, 283 

Beloptera, 282 

.Bww, 113 

Beroidce, 114 

Bird-Uce, 217 

Bivalve (SheUs), 261, 262 

Bladder, contractile, of Boti- 
fera, 156 

Blastoidea, 123 ; general cha- 
racters of, 136; distribution 
of, in time, 139 

Blattina, 219 

Bombidce, 224 

Bopyrid<B^ 191 

Bot/iriocephalus, 143 

Botryllidce, 244 

Botryllus, 243 

Bourgueticrintu, 134 

Bracliiopoda^ 232 ; graeral 
characters of. 244 : shell of, 
245; arms of, 246; atrial 
system of, 246 ; nervous sys- 
tem of, 247; vascular sys- 
tem of, 247; divisions of, 
247, 248 ; distribution of, in 
space, 249 ; in time, 249, 250 



Brachiuna^ 178 

Braehymetopus^ 196 

Brachyura^ 177 ; characters of, 
194 ; development of, 195 

Bracts, 80 («m Hydrophyllia) 

Branchial hearts (Cuttle- 
fishes), 272 

Branchial sac {Tunicaia)^ 241, 
242 

Branehi/era, 260, 262, 266 

Branckiogcuteropoda^ 260, 262 

Branchiopoday 177 ; charac- 
ters of, 184 

Branchiptu, 185 

Bryozoa (see Folytoa) 

Buccinidce, 262, 265 

Buccinum, 262, 265 

Bulla, 267 

/JW/Mto, 263,267 

Bulimtu, 267 

Bursaria, 63 

Byssus, 255 



Calamaries, 276 

Cakarea (Sponges), 67 

Calceola, 248 

Caleeolidce, 248 

Calice (Corals), 102 

Callianiridoey 114 

Callograpsiu, 96 

Caltymmidce, 114 

Calycophoridas, 79 ; polypites 
of, 80 ; pyloric valve of, 80 ; 
tentacles of, 80 ; reproduc- 
tion of, 81 : development of, 
81 ; distribution of, 96 

Calyptrcea, 266 

Calyptrceidof, 268, 266 

Calyx (of Vorticella), 60 

Campanularida, 78 

Canals, of Sponges, 55 ; of 
Alcyonariay 107 ; of CXeno- 
phora, 112 

Capitulum (Lepadidce), 181 

Capt-inella, 256 

Carapace, of Difflugia,^b\ of 
AreelUty 45; of Vaginicolay 
63 ; of Crustacea, 178, 174 ; of 
Lobster, 173, 174, 192 ; of 
Crab, 194 

Carchesium, 63 

Cardiadce, 255, 266 

Cardium, 257 

CarinaHa, 229, 267 ; distribu- 
tion of, in time, 283 

Carpenteria, 50, 61 

Carriage - spring apparatus 
(Brachiopoda), 246 

Carteria, 104 

Caryocarii, 196 

Caw«t«, 265 

Cells of Polyzoa, 234 

Cement-gland of Cirrip€des,l7S 

Centipedes, 207 

Cephatobranchiata, 164 (see 
Tubicola) 

Cephalopoda, 268 ; general 

• characters of, 269 ; arms of, 
271 ; suckers of, 271 ; funnel 
of, 271 ; ink-bag of, 271 ; 
mandibles of, 271 ; digestive 



system of, 271 ; branchie 
of, 271 ; nervous system of, 
272 ; vascular system of, 
272; reproduction of, 272; 
skeleton of, 274; divisions 
of, 274 ; distribution of, in 
time, 283 

Cephalophora, 251, 258 

Cephalothorax, of CruMacM^ 
171, 172 ; of Arachnida^ 198 

Cephaluna, 178 

Cephea, 93 

Ceratiocaris, 196 

Ceratitet, 282 

Cerithiada, 263, 266 

Cerithium, 266 

CtitidcB, 114 

Ostoidea, 142 (see Tceniada) 

Cettum, 114 

Chcetognatha, 169 

Chaetonotus, 166 

Chama, 256 

Chamidce, 266, 266 

Cheihstomataf 239 

Chef a, 176; of King-crab, 
187 ; of Scorpion, 198 

Chelirerce, 198, 203 

Chel\fera, 202 

Chemnitzia, 266 

Chilognatha, 207 

ChHopoda, 207 

Chiton, 267 

Chitonidce, 263, 267 

Choneteg, 248 

Ghromatophores, 270 

Chrysalis, 215 

Chylaqueons canals {MetUtsa), 
85 

Chylaqueons fluid, of Roti/era, 
156 ; of Annelida, 161, 166 

Chylific stomach of Insects, 
212 

Chyme-mass of It^fusoria, 59, 
61 

Cicada, 218 

Cidarida:, 128 

C!ilia, of Sponges, 66 ; of /n- 
fusoria, 59, 64 ; of AcUnO' 
toa, 97 ; of Ctenophora, 111 ; 
of Echinus, 127 ; of .^niie- 
/i<fe«, 162 

CincUdes, 101 

Cinulia, 267 

Cirrhi, of Annelides, 161 ; of 
Cirripedia, 180 ; of Braehio- 
pMfa, 246 

Cirrhopoda (see Cirripedia) 

Cirripedia, 177 ; general dia- 
ractersof , 178, 179 ; develop- 
ment of, 179 ; shell of, 180, 
181 ; xeproductlon of, 181 ; 
divisions of, 182 ; distribu- 
tion of, in time, 196 

Cladocera, 177 ; characten of, 
184 

Cla.esification, 17 

Clausilia, 267 

Clavellinidag, 244 

Cleodora,2e>9 

Clepsine, 168 

aUdce, 269 

Climacoffrapsus, 96 
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aw, 269 

Clionu, 58 

CliteUum, 163 

Cloaca, of Eoti/era, 156 ; of 
Inaectay 212 ; of Tunkatat 
241 

Clypeastridce, 128 

CniOae, 67 

Coccoliths, 60, 51 

Coccospheres, 60, 51 

Coccus, 218 

Cocoon, 215, 222 

Coelenterata, 12, 66 ; charac- 
tera of, 6G ; thread-cells of, 
67 ; divisions of, 67 

Ccenenchyma, 102 

Coenoecium, 234, 235, 236 

Coenosarc, 68 ; of Oceanic ffy- 
drozoa, 78, 79, 82 ; of Phy- 
salia, 83 ; of Velella, 83, 84 

Coleoptera, 210 ; mouth of ,211 ; 
characters of, 226 

CoUosphcera, 53 

Columella, of Corals, 103 ; of 
the shells of Gasteropoda. 
261 

Column of ActinidcBi 99 

Comarocystites, 135 

Comatula, 134, 138, 139 

Conchlfera, 251 (see LameHi- 
branchiata) 

Conidce, 262, 265 

Conocardium, 257 

Conovulus. 268 

Contractile vesicle, of Proto- 
zoa, 39 ; of Amoeba, 44 ; of 
Paramoecium, 60 ; of Vorti- 
cella, 61 ; of Epistylis, 63 

Conufaria, 269, 283 

Conus, 265 

Copepoda, 111 ; characters of, 
183 

Corallite, 102 

Corallium, 108, 115, 119 

Corallum, 9J), 101 ; distinc- 
tions between different co- 
ralla, 109 

Coral-reefs, 116-118 

Cordylophora, 72 ; gonophores 
of, 73, 76 ; distribution of, 
95 

CornuUtes, 168 

Cortical layer, of Infiuorta^ 
59 ; of NocHluca, 64 

Coryne, 72 

Corynida, 69, 71 ; reproduction 
of, 72 ; types of, 75 ; deve- 
lopment of, 75 ; distribu- 
tion of, 96 

Corynoides, 96 

Coryomorpha, 72, 76 

Crania, 245, 248, 260 

Craniadce, 248 

Craspeda, 101 

Crinoidea, 123 ; general cha- 
racters of, 183-135; distri- 
bution of, in space, 138 ; in 
time, 139 ; structure of ca- 
lyic of fossil forms, 139 

Crioceras, 280 

Cristafella, 235, 236 

Crop of Insects, 213 



Crust, of Crustacea, 171 ; of 
Trilobites, 185 

Crustacea, 170 ; general cha- 
racters of, 171 ; morphology 
of a typical Crustacean, 172 
-177 ; divisions of, 177-195 ; 
distribution of, in space, 
195; distribution in time, 
195-197 

Cryptochiton, 267 

Cryptophialus, 182 

Ctenocyst, 112 

Clenophora, 99 ; characters of, 
110 ; homologies of, 113 ; 
divisions of, 114 ; distribu- 
tion of, 116 

Ctenophoral canals, 112 

Ctenophores, 111 

Ctenoslomata, 239 

Cticulloea, 266 

Culex, 222 

Cultellus, 267 

Cuticle, of Amoeba, 43 ; of /n- 
fusoria, 69 ; of ^octiluca, 64 

Cuttle-b(»ne, 274 

Cuttle-fishes, 275 

Cyamus, 189 

Cyanea, 91, 98 

Cyatfiaxonidce, 120 

Cyathophyllidce, 120 

Cycladidce, 266, 257 

(^clas, 267 

Cyclophorus, 268 

C^clophthalmus, 206 

C^clopoidea, 173 

Cyclops, 183 

Cyclostoma, 268 

Cyclostomata, 239 

Cyclostomidce, 266, 368 

Cifdippe, 111 

Cyfichna, 267 

Cymothoa, 190 

Cyprcea, 266 

Cyprceidce, 262, 265 

Cyprina, 257 

Cyprinid^B, 255, 367 

CyprU, 183 

Cyrena, 257 

Cyrtia, 247 

Cyrtoceras, 280, 282 

CyrtolHes, 283 

Cysticerci, 146 

Cystic worms, 142, 144, 145 

Cystiphyllidoe, 120 . 

Cystoidea, 123 ; general cha- 
racters of, 135 ; distribution 
of, in time, 139 

Cytherea, 257 



Daphnia, 185 

Darwinian Theory, 86 

Decapoda {Crustacea) ^ 177, 
191; distribution of, in 
time, 197; {Cephalopoda). 
276, 277, 281 

Decollated shells, 230 

Delphinula, 266 

Demodex, 202 

Dendroccela, 150 

Dendrograpsus, 94, 96 

Dendrostyles, 93 



Dentalido!, 263 

Dentalina, 48 

Dentalium, 267 ; shell of, 261 ; 
position of, 267 

Development, 31 ; retrograde, 
32 ; of Gregarinidce, 42 ; of 
Foraminifera, 48 ; otHydra^ 
71 ; of Corynida, 76 ; of 
Sertularida, 77; of Ccdyco- 
phoridce, 81 ; of Physopho- 
ridcBf 83 ; of Medusidce, 87 ; 
of Lucemarida, 89-91 ; of 
Actinidce, 101 ; of Pleuro- 
brachia, 113 ; of JBchinoder- 
mata, 122, 123; of Coma- 
tula, 134 ; of TceniadOt 
148-146 ; of Trematoda, 147 ; 
of NemerHda, 150 ; of Acan- 
tkocephala^ 151 ; of Tri- 
china, 162 ; of the Guinea- 
worm, 163 ; of Tubicolar 
Annelides, 165 ; of Errant 
Annelides, 167 ; of Crusta- 
cea, 172, 173; of Epizoa, 
178 ; of Cirripedia, 179 ; of 
Limulus, 188; of Macrura, 
193 ; of Brachyura, 195 ; of 
Myriapoda, 207 ; of Insecta, 
214 ; of Polyzoa, 239 ; of 
Lamellibranchiata, 254; of 
Gasteropoda, 14, 260 

Deztral (Shells), 231 

Dibranchiata (Cephalopoda) ^ 
274 ; characters of, 276 ; 
divisions of, 275 ; distribu- 
tion of, in time, 284 

Diceras, 266 

Dicoryne, 75 

Dicranograpsus, 96 

Dictyonema, 96 

Didymograpsus^ 96 

Difflugia, 45 

Dimerosomata, 204 (sec Ara* 
neida) 

Dimyaria, 255 

Diphydce, 81 

JHphyes, 81 

Diphyllidia, 267 

Diphyozobids, 81 

Diplodonta, 267 

Diplograpsus, 96 

Diplostomum, 148 

Diptera, 210; mouth of, 212 J 
characters of, 221 

Discina, 248, 260 

Discinidce, 248 

Discophora (Medusae), 69 ; 
characters of, 84-87 

Discophora (Leeches), 162 
(see Hirudinea). 

Dissepiments of Corals, 104 

Distal, 68 

Distoma, 147, 148 

Distribution, geographical, 
86 ; bathymetrical, 37 ; geo- 
logical, 37, 38 

Dithyrocaris, 196 

Dolabellat 267 

Doliolum, 244 

DonaXf 267 

Doridae, 264, 267 

DorUt 267 
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Dorsal ressel of Ins«>cts, 213 
Dorsibranehiafa (Annelida), 

IbS (see Errantia) 
DracunculuSf 153 
DreUtena, 256 



F.cderon, 97 

Erhinococci, 146 

Echinodermata, 121 ; preneral 
characters of, 122 ; develop- 
ment of, 122, 123 ; divisions 
of, 123 ; distribution of, in 
space and time. 138-141 

Echinoidea, 122, 123 ; charac- 
ters of, 124 ; test of, 124, 
125; am bulacral system of, 
12<> ; digestive system of, 
127 ; families of, 128 ; dis- 
tribution of, in space, 138 ; 
in time, 140 

Ecftinozoa, 121 (see Annu- 
loida) 

Erhinorhynchus^ 161 

Echinus, 124, 126, 127 

Echiurus, 160 

Ectocyst, 236 

Ectoderm, 66, 97 

Kctosarc, 43, 53 

EdriopIUhalmata, 177 ; cha- 
racters and divisions of, 189 

Eledone, 281 

Elytia, 267 

Elysiadoe, 264, 267 

Elytra, of Aphrodite^ 167 ; of 
Coleoptera, 210 

Emarginula, 266 

Enallostega, 50 

Encephala (Mollusca), 251, 
258 

Encriniu, 139 

Enderon, 97, 102 

Endocyst, 236 

Endoderm, 66, 97 

Endoplasts, 67 

Endopodite, 174, 175, 176 

Endosarc, 43, 53 

Endostyle, 241 

Entomostega, 50 

Entomostraca, 177 ; charac- 
ters of, 182; diTisions of, 
177, 183 

Entozoa, 141 

EozoGn, 61 

Efthemeridce, 219 

Ephyra, 91 

Epidermis (of the shell of 
Mollusca), 230 

Epimera, 174 

Eplpodite, 176 

Epipodium, 259 ; otPteropoda, 

268 ; of Cephalopoda, 271 
Epistema, 174 
Epistome, 287, 239 
Epistylis, 62, 63 
Epizoa, 177; characters of, 

177, 178 
Errantia, 162 ; characters of, 
166 ; gemmation of, 167 ; 
development of, 167; dis- 
tribution of. in time, 168 
Sudeiidriumy 75 



Enlima, 266 
Eunice, 161, 168 
Eunicea, 168 
Euomphalus, 266 
EupMmmidce, 120 
Euryale, 131 
Eitvypterun, 196 
Eurppferida, 188, 189 ; distri- 
bution of, in time, 196 
Exopodite, 174, 175, 176 
ExtracrinuSf 139 



Facial sntnre of Trilobites, 
186 

Favositidoe, 119 

Favospongia, 58 

Fenestella, 248 

Filaria, 163 

Firola, 267 

Firolidce, 264, 267 

Fission, 22 ; of Corals, 105 

Fissurella, 266 

Fissurellida, 263, 266 

FlagoUa, 64 

FUufellata {Infusoria), 64 

Flints, origin of, 68 

Float of Physophoridai, 82 

Floscularia, lo6, 167 

Flukes (Suctorial worms), 147 

Food- vacuoles, 44 

Foot, of Lamellibranchiaia, 
264 ; of Gasteropoda, 269 ; 
of Heteropoda, 264 ; of Pte- 
ropoda^ 268 ; of Cephalopoda, 
271 ; of Rotif era, 166 

Fo«>t-jaws of Lobster, 176 

Foraminifera, 46 ; sarcode of, 
46 ; pseudopodia of, 46 ; test 
of, 47 ; unilocular and mul- 
tilocular, 47 ; stolons of, 
47; classifications of, 49, 60 ; 
affinities of, 50; distribu- 
tion of, in space and time, 
51,52 

Forficula, 210 

Formica, 224 

Fringing-reefs, 115, 118 

Functions, specialisation of, 
11 

Fungida;, 120 

Funiculus, of Polyzoa, 238 

Funnel, of Ctenophora, 112 ; of 
Cephalopoda, 270, 271; of 
Nautilus, 279 
FusWy 265 



Oaleodes, 198, 208 
Gammarus, 190 
Gasteropoda, 261 ; general cha- 
racters of, 258 ; foot of, 
259 ; odontopbore of, 259 ; 
circulatory and respiratory 
organs of, 259, 260 ; embryo 
of, 260; shell of, 260-262; 
divisions of, 262 ; distribu- 
tion in time, 283 
Gojtlrochcena, 257 
Gastrochcenidce. 266, 257 
Gemmati(m, 22-25; internal. 
26 ; of Foraminifera^ 47 ; of 



Votiicella, 62 ; of Hydras 
71 ; of medusiform gono- 
phores, 88 ; of Corals, 106 ; 
of Naidida:, 164; of Er- 
rantia, 167 ; of Polyzoa, 
238 ; of Tunicata, 243 

Gemmules of Sponges, 56, 58 

Generations, alternation of, 
26-27 ; of Salpians, 243 

Generation, Spontaneous, 33- 
36 

Geomelnnia, 268 

Geophilus, 207 

Gephyrea, 159, 160 

Gizzard of Insects, 212 

Glabella, 186 

Gladins (Cuttle-fishes),274,276 

Glaucus, 267 

G/obigerina, 49 

Glyctmeris, 267 

Goniaster, 130, 140 

Goniatites, 284 

Goniodiscns, 140 

Gonoblastidia, 75. 76, 82, 83 

Gonocalyx, 73 ; structure of, 
73, 74 ; canals of, 74 

Gonophor^, 72 ; mednsiform, 
73, 74, 78, 79, 80, 83, 86, 87, 
93 

Gonosome, 26, 69 

Gonothecae, 77 

Gordiacea, 141 ; characters of, 
161 

Gorgonidce, 103 ; characters 
of, 108 ; distribution of, in 
space, 115, 118 ; in time, 119 

Grantia, 67 

Graphularia, 119 

Graptolitidae, characters of, 
93-95 ; distribution of, in 
time, 96 

Gregarina, 9, 41, 42 

Gregarinidce, 41 ; reprodno* 
tionof,41,42 

Griffithides, 196 

Gromida, 49 

Growth, 22 ; correlation of, 16 

Gryllina, 219 

Guard of Belemnite, 278 

Guinea- worm, 163 

Gymnoloemata, 239 

GymnophthalmcUa {Medusidot), 

74, 84, 85, 93 
Gymnosomata, 269 
Gynophores, 83 
Gyroceras, 280 



Haimeia, 107 

Hair-worms, 161 

Haliotidw, 263, 266 

Haltotis, 266 

Halteres, 210, 222 

Hamites, 284 

Harpa, 265 

Haustellata, 177 (see Epizoa) 

Hectocotylus, 273, 274 

Helicoidea, 60 

Helicostega, 50 

Helicidce, 265, 267 

Helix, 267 

Hemelytra, 210, 219 
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Ifemicardium, 267 

Hemimetabola, 214, 217 

Hemiptera, 210, 218 

Heterogeny, 33 

Heteromastix, 64 

Heteropoda, 262 ; general cha- 
racters of, 264 ; foot of, 264 ; 
shell of, 265 ; divisions of, 
267 ; distribution in time, 
283 

Heteroptera, 218 

Hippobosca, 222 

Hippocrepian Polyzoay2Zl 

Hippurites, 256 

mppuritidce, 265, 256, 283 

Hirudinea, 162, 168 

Hirudo. 168 

Holocystis, 109, 118 

Holontetabola, 214, 221 

Holostomata, 261, 263, 266, 283 

HoloUiuria, 137 

Holothuridce, 138 

Holothuroideay 122, 123 ; ge- 
neral characters of, 136, 
137 ; families of, 138 ; dis- 
tribution of, in space, 1 38 ; 
in time, 140 

Homology, 14 ; serial, 14 

Homomorphism, 16 

Homoptera, 218 

Hyalea, 269, 283 

ByaleidoB, 269 

Hvalochcetidce, 103 

Hyalonemadce^ 103, 104 

Hydatids, 144, 146 

Hydatinea, 157 

Hydra, structure of, 70 ; re- 
prodaction of, 23, 24, 71 ; 
thread-cells of, 67 ; develop- 
ment of, 71 ; distribution 
of, 96 

Hydrachnida, 202 

JJydracUniaf gunophores of, 
72 76 

Hydra-tuba, 27, 89 

Hydrida, 70 

Hydrocaalns, 77 

Hydrocysts, 82 

Hydroecinm, 80 

Hydroida, characters and di- 
TJflions of, 69 ; reproduction 
of, 26, 72, 73, 74; distin- 
gruiBhed from Polyzoa^ 232- 
234 

Hydrophyllia, 80, 82 

Hydrorhiza, 69, 70, 71, 76 

Hydrosoma, 68 

Hydrothecae, 72, 76 

Hydrozoa, characters of, 67; 
terminology of, 68; divi- 
sions of, 69 ; reproduction 
of, 72 ; oceanic, 78 ; distri- 
bution of, in space and time, 
95,96 

HymenocariSy 196 

Hyinenoptera, 223 

Hyponome,V6ft 

Hypofltome of Trilobites, 186 



lanthina, 266 
Ichneumon^ 223 



IcMhyophthira, 177 ; charac- 
ters and development of, 178 

IIyanthid(e, 101 

Jlyaufhus, 101 

Imago, 214, 216 

Imperforata (Foramini/era), 
60 

Individuality of Animals, 24, 
68 

Infundibulum of Cephalopoda, 
270,271,279 

Infusoria, spontaneous gene- 
ration of, 33 ; characters of, 
69 ; divisions of, 69 ; affini- 
ties of, 64, 65 ; Ciliated, 69 ; 
Suctorial, 64 ; Flagellate, 
64 ; compared with Hoti- 
fera, 157 

Inoceramus, 266 

Inoperculata, 265, 267 

Jnsecta, 170,171 ; general cha- 
ractere of, 208, 214 ; organs 
of the mouth of, 211 ; wings 
of, 210 ; digestive system of, 
212 ; tracheceof, 213 ; meta- 
morphoses of, 214 ; Parthe- 
nogenesis of, 28-30 ; sexes 
of, 216 ; orders of, 216 ; dis- 
tribution of, in time, 226 

Integro-pallialia, 264, 266 

Isia, 108 

Isocardia, 257 

Isopoda, 171, 177 ; characters 
of, 190; distribution in 
time, 196 

lulus, 207 

Ixodes, 202 



Jelly-fishes, urticating powers 
of, 67 ; nature of, 74 ; for- 
mer classihcation of, 84 



KelUa, 257 
Keratode, 65 • 
Keratoxa (Sponges), 67 
Koninckia, 247 
Koninckidcc, 247 



Labium, of Lobster, 176 ; of 
Aruchnida, 198 ; of Insecta, 
211, 212 

Labrum, of Lobster, 176; of 
Tritobita, 186 ; of Scorpion, 
198 ; of Jnsecta, 211 

Laemodipoda, 177 ; characters 
of, 189 

Lagena, 47 

LaHiellibranehiata, 227-229 ; 
general characters of, 261 ; 
sheU of, 261, 262 ; digestive 
system of, 263 ; circulatory 
system of, 263 ; mantle of, 
253 ; branchisB of, 263 ; re- 
production of, 264 ; muscles 
of, 254 ; habits of, 256 ; di- 
visions of, 266 ; distribution 
of, in time, 282 

Lamp-shells, 244 

Laomedea, 78 



Larva, of Echinodermata, 122, 
123 ; of Echinoidea, 124 ; of 
Asteroidta, 129 ; of Ophiu- 
roidea, 181 ; of Crinoidea, 
133 ; of Holothuroidea, 136 ; 
of Tceniada, 144, 146, 146 ; 
of Nemertida, 160 ; of Acan- 
thocephala, 161 ; of Cirri- 
pedia, 179 ; of Brachyura, 
195 ; of Myriapoda, 207 ; of 
Insecta, 214, 216 ; of Tuni- 
cata, 243; of Laniellibran- 
chiata, 264 ; of Gasteropoda, 
260 

Leech, 162 

Lepadidce, 177,179, 181, 182; 
distribution of, in time, 196 

Lepas, 180 

Lepidoptera, mouth of, 212; 
characters of, 222 

Lepisma, 217 

Leploena, 248 

Lernea, 178 

Libellulidve, 219 

Lieberkilhnia, 46, 60 

Ligula, 211 

Lirnacidce, 266, 267 

Liinacina, 269 

Limacinidce, 269 

Umax, 229, 267 

Limnadia, 186 

Limnoea, 268, 283 

Lininoeidce, 265, 268 

Limnoria, 191 

Limulus, 187, 188, 196 

Lingua (Insects), 211 

Lingual ribbon (Mollu8ca),':69 

Linguatulina, 201 

Lingula, 245, 248, 260 

Liugulidce, 248 

Ltttiobius, 207 

Lithocysts, 88 

Lithodomi, 266 

Littorina, 266 

Littorintdai, 263, 266 

LiluUes, 28U, 282 

Litvolida, 49 

Liver-fluke, 147 

Lobster, morphology of, 173- 
177 ; general anatomy of, 
192, 193 

Lob- worm, 168 

Loculi, of shell of Foramini- 
fera, 46 ; of Corals, 102 

Locustina, 219 

Loligo, 281 

Loligopsts, 270 

Lophopea, 239 

Lophophore, 236 

Lophopus, 236 

Lophyropoda, 177 ; characters 
of, 183 

Lucemaria, 88 

Lucernaiiadce, 88 

Lucemarida, 87 ; umbrella of, 
87 ; divisions of, 88 

Lvcina, 267 

Lucinidas, 266, 267 

Luidia, 140 

Lumbricidoe, 163 

Lumbrictu, 168 

Lutraria, 267 
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Madurea, 267, 283 

Macrobiotidce, 201 

Maeruruj 177; characters of, 
19-i 

Mactra, 257 

MactrtcUe, 256, 257 

Madrepond(f, 118, 120 

Madreporiform tubercle of 
Echinodermata, 125, 130 

Malacodermata \Zoantharia), 
99 

MalcuMJttracay 177 ; characters 
of. 189 

Mallophaga, 217 

Malpighian tabes of Insects, 
212 

Mandibles, of Lobrter, 176 ; of 
Arachnidn, 198; of Myi-ia- 
poda, 207; of Inseeta, 211, 
212 ; of Cephalopoda, 271 ; 
of Nautiliu, 278 

J/an/w, 219 

Mantle, of Tunicata, 241 ; of 
firachiopoda, 245 ; of La- 
mellibrancfiiata, 253 ; of 
Gaisteropoda.2^iS ; of Cepha- 
lopoda, 270 ; of Nautilus, 278 

Manubrium, 73, 85 

Marginal bodies of Medtucgf 86 

Marginella, 265 

MarsupUes, 139 

Mastax, 156 

Maxillse, of Lobster, 176; of 
Arachnida, 198 ; of Jtisfcta, 
211, 212 

MaxlUipedes of Lobster, 176 

Meandrina, 106, 118 

Measles, of pig, 146 ; of ox, 146 

MedutidcBf 84; structure of, 
85 ; exact nature of, 86 

Meqalotrocha, 155 

Jle'lania, 266 

Melaniadoe, 268, 266 

Melicerta, 157 

Mentum, 211 

Jlerostomata, 173, 177 ; charac- 
ters and divisions of, 187 

Mesenteries, of Actinia, 98, 100 

Mesopodium, 259 

Mesothorax, 210 

Metamorphosis, 31 ; of Myrin- 
poda, 207 ; of Jruecta, 213 ; 
incomplete, 214; complete, 
214 

Mctapodium, 259 

Metasoma, 270, 278 

Metastoma, of Lobster, 176 ; 
of Eurypterida, 189 

Metathorax, 210 

Microcondius, 168 

Miliolula, 49 

Millepedes, 207 

Milleporidce, 118, 120 

Mites, 201 

Mitra, 265 

Uodiola, 256 

Mollutca, 227 ; general cha- 
racters of, 227 ; digestive 
system of, 227 ; circulatory 
system of, *28 ; respiratory 
organs of, 228 ; nervous sys- 
tem of, 228 ; sense-organs of, 



229 ; reproduction of, 229 ; 
shell of, 229-231 ; divisions 
of, 231 ; distribution of, in 
time, 249, 250, 282, 283, 284 

MoUutca, Proper, characters 
of, 251 ; divisions of, 251 ; 
dwtribution of, in time, 282- 
284 

Molluscoida, 231 ; characters 
and divisions of, 232; dis- 
tribution of, in space, 248 ; 
in time, 249 

Monads. 33 

Monomerosomata, 201 

Monomyaria, 255 

Monostega, 50 

Monothalamia, 47 

Mopsea, 108, 119 

Morphologry, 10 

Mother-of-poarl, 230 

MUVeria, 256 

Multivalve bbells, 230, 258, 262 

Mutxhiaonia, 266 

Murex, 265 

Afun'dda, 262, 265 

Miuca, 222 

Mya, 255, 237 

Myacidte, 236, 257 

Myochanuiy 257 

MyiHapoda, 171 ; general cha- 
ractersof , 206 ; development 
of, 207 ; distribntion of, in 
time, 208 

Myrmeleo, 219 

MytilidcPy 255, 266 

MyHlus, 255, 256 



Nacreous shells, 230 

NaididcBy 163 ; gemmation of, 
164 

Nais, 168 

Na**a, 265 

Natica, 266 

Naticida, 263, 266 

NatUilidcBt chaxmcters of, 279 ; 
sections of, 282; distribu- 
tion of, 284 

Nautilus, pearly, anatomy of, 
278 ; sheU of, 274, 278 ; 
paper, 275 ; shell of, 274 

Nebalia, 196 

Nectocalyces, 78 : structure of 
in CalycophoridcBf 8*0 ; in Me- 
duxce, 85 ; distinguished from 
umbrella of Luceruarida, 87 

Nectosac, 80 

Needham, moving filaments 
of, 272 

Nematelmia, 141 ; characters 
of, 150 

Nematocysts, 67 

Nematoidea, 141 ; characters 
of, 151 ; parasitic forms of, 
152 ; free forms of, 153 

Nematophores, 78, 83 

Nemerte*, 160 

Nemertidce, 142 ; characters of, 
160 ; development of, 150 

Nereidce, 168 

A'ereidea, 166 

Nereis, 169 



Nerita, 266 

Neritina, 266 

NerUidas, 263, 266 

Nervures, 210 

Neuropodinm, 161 

Neuroptera, 219, 226 

Nidamental ribbon, 229 

Noctiluca, 64 

Nodotaria, 48 

NotomnuUina, 167 

Notonecta, 218 

Notopodium, 160 

JVucleobraiichiata, 262 (sec He- 
teropoda) 

Nucleolus of Paramceeiutn, 69, 
60 

Nucleus, of Prototoa, 39 ; of 
Amoeba^ 44 ; of Paranux' 
cium, 59, 60 ; of Vorticella, 
61 ; of Echinodermata, 125, 
130 {see ^adreporiform tu- 
bercle) ; of the shell of Mol- 
7M*ca,230,261 

Nudibranchiata, 229 ; charac- 
ters of, 264 ; divisions of, 267 

Nummuliies, 49, 51, 52 

Nummulitic Limestone, 52 

Nymph, 214 

Nymphon, 201 



C^lus, 248 

Ocelli, of Medusa, 86; of 
Echinoidea, 125 ; of Aste- 
roidea, 130; of Planarida. 
149; of Rotifera, 167; of 
Annelida, 162 ; of CTicetogna- 
tha, 169; of XtmuZiM, 187 ; 
of Arachnida, 200 ; of My- 
riapoda, 207 ; of Insecta, 
213; of Tunicata, 242; of 
Latnellibranchiata, 229 

Octopoda, 275. 281 

Octopodidce, 276, 281 

Octopus, 273 

Oculinidce, 120 

Odontophora, 251, 268 

Odontophore, 259 

Oldhamia, 96 

Oligochaeta, 168 

Oliva, 265 

Ommastrephes, 281 

Onchuna, 178 

Oncidiadoe, 265, 267 

Oncidium, 267 

OniscHs, 191 

Onychoteuthis, 271, 281 

Operculata, 265, 268 

(^rculum, of Balanida, 180 ; 
of Gasteropoda, 269 ; of Ife- 
teropoda,2M; otPterapoda, 
268 

Ophiocoma, 140 

Ophioderma, 140 

Ophiolepis, 140 

Ophiura, 132 

Ophiuridea, 132 

Ophiuroidea, 122, 128 ; gene- 
ral characters of, 131 ; fami- 
lies of, 182 ; distribution of, 
in space, 188 ; in time, 140 

Opisthobranchiata, 262, 263, 267 
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Orbitoides, 62 

Orbttolites, 49 

Oreatter, 140 

Orthix, 248 

OHhuinay 248 

Orthoceras, 280, 281, 282, 284 

OrihoeeratidcB. 282, 284 

Orthoptera, 218 

ObcuIa, of Sponges, 05 of 

Tape-worms, 144 
Otlracodat 177 ; characters of, 

183 : distrlbntionof, in time, 

196 
Ottrea, 255, 25A 
Ostreidce, 255, 256 
Ovipositor, 210, 223 
Ovulwny 266 
Oxyurit, 152 



Pceeilopodaf 187 (see XipJiO' 
sura) 

JPOffuru/ce, 193 

Pal€easter, 140 

Pakgchinus, 140 

Pakeoeorj/ne, 96 

Palceodisctutj 140 

PafceosponQia, /iS 

PaU (Corals), 1U3 

Pallial line, 253 

Pallial sinus, 254 

Pallium («ee Mantle) 

Paludicelteon 249 

Paludiva, 266, 283 

Paludinidce, 263, 266 

Paludomus, 266 

Palythoa, 104 

PamphaguSy 45 

Panopeot 257 

Panspermy, 33 

Pantopoda^ 201 

Paramaeeium, 59 ; structure of, 
69 ; reproduction of, 60 

Farapodia. 160 

Parmacflla, 267 

Parmophorvs, 266 

Parthenogenesis, 28-30 ; of Os- 
tracode Crtrxtocea, 183-185 ; 
of Insects, 224 

Pa/«//a, 260, 266 

Patellidce, 263, 266 

iVcfen, 255, 256 

PectuncultUt 256 

Pedicellarise, 125 

PedteellinecBy 239 

PMr«ct</tf5, 216 

Pedipalpt, 203 

Pelaffia^ 89 

Pelagidce, 88, 89 ; structnre of 
reprodactive zobids of, 91 

Pelonaia, 229 

Pen of Cuttle-fishes, 274, 276 

Penieulus, 178 

Pennatula, 107 

Pennatulidce, 107, 105 ; distri- 
bution of. in time, 119 

Pentacerotidce, 131 

Pentaerinus, 133, 134, 138, 139 

Pentamerus, 248 

Pentastomtda, 201 

Ptntatoma^ 218 

Pentremite*, 136, 139 



Perforata (Foramini/era),A9 ; 
(Corals), 105, 119, 120 

Pericardium, of Crustacea^ 171 , 
193 ; of Nautilus, 279 

Perid.-rm, 77 

Peridiniumj 64 

Peiigastric space of Polyxoa, 
Til 

Periostracum, 280 

Penschoechinida:, 140 

Peria^onfie. of Vorticella, 61 ; 
of the shell of Ga^eropada, 
261 

Peristomial space of ^c^i'nta, 
99 

Peritoneum (Tunieata), 241 

reiivisceral space of ^c<<- 
ffozoa, 97 

Petraster, 140 

Petrospongutdatf 58 

Phalangidce, 202 

Pharynx (»C Aflcidians, 241, 
242 

Philine, 267 

Phillipsia, 196 

Pfioladida; 230, 256, 257 

Pfioladompa, 257 

y^/io/tw, 255, 258 

Phonts, 266 

Phosphorescence of the sea, 64 

Phragmncnne, 274 ; of Spirulay 
277 ; of Belemnite, 277 

Phragmoceras, 282 

Phryganeidce, 219 

HhyUxctolcemata, 239 

Phyllidia, 267 

Phyllidiada:, 264, 267 

Phyllirrhoe, 267 

Phyllirrhoidce, 264, 267 

Phyllocyst, 80 

Phyllopoda, 177; characters 
of. 185 ; distribution of, in 
time, 196 

Pbyogemmaria, 83 

PAj^Mc, 268 

Physalia, 64, 67, 78, 82, 88 

Phifsaliadoe, 84 

Physiology, 10 

Phpsophoray 83 

Physophoridce, 79, 82 ; tenta- 
cles of, 82 ; reproduction 
of. 83 ; distribution of, 96 

Pigmcnt-ppot, of Infusoria, 
63 ; of Rotifera, 157 

Pileolus, 266 

Pileopsis, 266 

Pilidiumy 150 

Pi/tna, 255, 256 

Pinnoctopus, 281 

PlanaHda, 148, 149 

PlanorMs. 261, 268 

Planula, 89 

Platyeltnia, 141 

Pleura, of Lobster, 173 ; of 
Trilobite, 187 

PleurobracMa, 111 ; cteno- 
phores of. 111 ; canal- 
system of, 112, 113 ; de- 
velopment of, 113 ; homo- 
logies of, 113 

Plenrobraehiadaif 114 

Pleurobranchiadat, 264, 267 



PteurohranchuSf 267 

Pleuronemay 64 

Pleurotomay 265 

Pleurotomaria, 266 

Pfumaster, 140 

PlumulariOy 78 

Pluteus, 122 

Pneumatic filaments of /%y« 
sophoridce, 82 

Pnenmatocyst, 82 

Pneumatophore, 82, 83 

Pneumodemion, 269 

Podophthalmata, 177 ; cha- 
racters of, 191 

Podosomata, 201 

/»od«m, 210, 217 

Polyarthra, 157 

Pofycoelia, 119 

Polycystina, 53, 54 

Polydesmus, 207 

Pofygastriea, of Ehrenberg,60 

Polynoe, 166 

Polypary, 71 

Polype, 98 

Polypide, 234 

Polypidom, 234 

Polypite, 68 

Polystome Infuporia, 64 

PolythalanUa {ForaifUnifera). 
47 

Polytrema, 51 

Polyxoa, 227, 228, 229 ; cha- 
racters of, 232 ; distinctiona 
from ffydrozoa, 232-234; 
typical polypide of, 284 ; 
avicularia of, 236; lopho- 
phore of. 236; reprodnc- 
tion of, 238 ; development 
of, 239; relations to Turn- 
cata, 243 ; divisions of, 239 ; 
distribntion of, in space, 
248 ; in time, 249 

Polyzoarium, 232, 284 

Pmtohdella, 168 

PoramboniteSy 248 

Porcellanons shells, 280 

Poreellia, 283 

Pores of Sponges, 55 

Pontes, 118 

Poritidce, 120 

PMamides, 266 

Poulpe, 273, 275 

Praya, 80 

Prayidcp, 82 

Prfstwiehia, 196 

Priapulacea, 160 

Proboscis, of Medusa, 85 ; of 
Crinoidea, 134 ; of Plana-- 
rida, 149; of Aeanthocf- 
phala, 151 : of Oephyrea, 
160; of ErranHa, 166; of 
Lepidoptera, 211 

Producta. 248 

ProductidcB, 248 

Proglottis, 142, 145 

Pro-legs, 223 

Pro-ostracum, 277 

Propodite, 174 

Propodium, 259 

Pros<olex, 143, 145 

Prosobranchiata, 262 ; divi- 
sions of, 262, 263, 265 
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Prosoma, 270, 278 

Prosoponiscus, 196 

Proetomium, of J^anarida, 
149 ; of Annelidee, 161 

Prottuter, 140 

Proteolepas, 182 

Prothorax, 210 

Protopodite, 174 

Prototfirgularia, 119 

Protozoa^ general characters 
of, 39 ; clasBificatiou of, 40 

Proventriculns of earth- 
worms, 168 

Proximal, 68 

I^mmobia, 257 

Pseud-embryo, 128 

Pseudo-haemal system, 161 

Psendo-hearts, 246 

Pseudo-navioellse, 42 

Pseudopodia, 40 

Pseudoscorpionidce, 202 

Ptolus, 141 

pBoi'ospermioe, 42 

Plerocercu, 265 

Pteropoda, 258; peneral cha- 
racters of, 268 ; foot of, 
268 ; shell of, 268 ; diyisions 
of, 269 ; distribution of, in 
time, 288 

Ptet-ygotus, 189, 196 

Ptilodictya, 248 

PUlograpsuSy 94, 96 

PtUojpoi'a, 248 

Ptychoceraty 280, 284 

PuHcidce, 221 

PulmogasferopodafieO, 262, 265 

Pulmonaria {Arachnida)^ 200, 
203 

Pulmonifera (MoUusca), 260, 
262, 205, 267 

Pupa, 214, 215 

Pupa, i67. 283 

Puptna, 268 

Purples, of wheat, 153 

Purpura^ 265 

Pyenogonum, 201 

Pygidium, 186, 187 

Pyramidella, 266 

Pyramidellida, 263, 266 

J^vsomidcBy 244 

Pyi'ula, 265 



Radiata, 66 

Eadiolaria, 52-54 

Radiolttes, 256 

RastriteSy 94 

Eeproduction, general pheno- 
mena of, 21-31 ; sexual, 22 ; 
non-sexual, 22 

Reticulota, 49 (see Forami- 
nifera) 

JletiolUes, 94 

Reversed shells, 280 

Rhabdoccela, 149 

Rhabdoidea, 60 

Rhabdopleura, 94 

Rhizocrinus, 134, 138 

Rhizophysiadce, 84 

Rhizopoda, 40 ; charact-ers of, 
42 ; pseudopodia of, 43, 44 ; 
divisions of, 48 



Rhixottonutt 98 

Rhizodomidce, 88 ; definition 
of, 89 ; development of, 27, 
89, 90 ; structure of repro- 
ductive zobids of, 92 

Rhynchonella, 248, 250 

Rhyiichonellidce, 245, 247 

Rhynchota (see Hemiptera) 

Ribbon-worms, 150 

Riuoa^ 266 

Robulina, 48 

Rot of sheep, 147 

Rotalina, 48 

Rotatoria^ 154 (see Roi^era) 

Rotifera^ 141 ; characters of, 
154 ; wheel-organ of, 155 ; 
water-vascular system of, 
156 ; masticatory organs of, 
156 ; affinities of, 157 ; vita- 
lity of, 9 ; distinctions from 
Infusoria, 59, 157 

Round-worms, 141, 151 

Rugosa, 99, 107 ; characters 
of, 109 ; distribution of, in 
time, 118 ; families of, 120 



Sabella, 164, 169 

Sagitta, 169 

Saipa, 244 

Salpidce, 244 

Sand-worms. 166 

Savguisuga^ 163 

Sarcode, 39 ; characters of, 40 

Sarcoids of Sponges, 55, 57 

Sarcoptes, 202 

Sarna, 87 

Saxicata, 257 

ScalariOy 266 

Scalpellumy 181 

Scaphites, 282 

Scaphognathite, 176 

Scismre/la, 266 

Sclerenchyma, 103 

Sclerobasica (Zoantharia), 101, 
108 

Sderobasic, Corallum, 101 

Sclerodermata (Zoantharia), 
104 ; divisions of, 105 

Sclerodermic, CorsJlum, 102, 
104 

ScokeidOt characters and divi- 
sions of, 141 

Scolex, 144, 145 

Scolitet or ScolithtUy 168 

Scolopendra, 207 

Scorpionidce, 198 ; characters 
of, 203 ; distribution of, in 
time, 206 

Scyllcea, 267 

Sq/lfwidcE, 173 

S^-mouse, 166 

Sea-worms, 166 

Sepia, 282 

Stpiadce, 276, 277, 282, 284 

Sopiostaire, 274, 277 

Septa, of Corals, 102 ; of the 
shell of Tetrabranchiate Ce- 
phalopods, 274, 278, 279, 280 

St-riatoporidcE, 119 

Setpula, 165, 169 

Sertularidaf characters of, 70 ; 



hydrothecsB of, 76 ; poly- 
pites of, 77; development 
of, 76 ; distribution of, in 
space and time, 96 

Setae of Annelida, 161 

Shell, of Braehiopoda, 245 ; of 
Lamellibranehiata, 251 ; of 
Gasteropoda, 260 ; of Uetero- 
poda, 264 ; of Pteropoda, 
268 ; of -irgronauto, 274, 275 ; 
of Tetrabranchiate Cephalo- 
ppda, 279 

Sigaretiis, 266 

Silicea (Sponges), 57 

Sinu-pallialia, 254, 257 

Siphonia, 58 

Siphonida, 255, 256 

Siphonophora, 69 ; characters 
of, 78 ; divisions of, 79 

Siphonostoniata, 261, 262, 265, 
283 

Siphonotreta, 248 

Siphons, of Lamellibranehiata, 
253 ; of Gasteropoda, 260 

Siphuncle, of the shell of 
NauiilHS, 274, 278, 279 ; of 
Belemnites, 277 ; of Tetra- 
brandtiata, 279 ; of Nauti- 
Udce, 279 ; of AmmonUida, 
280 ; of Orthoceras, 281 

Sipunculacea, 160 

SipunculotdeOf 159 

Sipunculvs, 159 

Slimonia, 196 

Solarium, 266 

Solaster, 180 

Solecurtus, 257 

SoUsn, 257 

Solenidoe, 256, 257 

Solpugidce, 202 

Somatic cavity, of CoeJenterata, 
66 ; of Hydrozoa, 67 ; of Hy- 
dra, 71 ; of ActinozoOf 97 

Somatocyst, 79 

Somite, 170 ; of Crustacea, 
173 ; otArachnida, 198 

Soroidea, 50 

Sparsispongia, 58 

Spatangidai, 128 

Species, definition of, 17-20; 
origin of, 35, 36 

Spermatophores, 272 

Sphceroma, 1!)1 

Spfueronectidce, 81 

Sphaerozoum, 53 

Spicula, of Sponges, 55, 57 ; of 
Radiolaria, 52 ; of Actinozoa, 
108, 107 

Spiders, 204 

SpiniferUeSf 58 

Spinneret, of Spiders, 204 ; of 
Caterpillars, 222 

Spirialis, 269 

Spirifer, 247 

^riferidas, 247 

Spiriferina, 247 

Spirorbis, 168 

Spirulay 277, 282 

Spirulida, 277, 282 

Spirulirostra, 282 

S )1anchno6keleton, 274 

Spondyhts, 256 
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Spongida, 40, 64 ; skeleton of, 
55; sarcoids of, 55; aqui- 
ferous system of, 65, 56 ; re- 
production of, 56, 57 ; classi- 
fication of, 67 ; distribution 
of, in space, 57 ; in time, 68 ; 
aflOnities of, 60, 68 

Spongillat reproduction of, 66, 
67 ; sarcoids of, 57 

Spores of Sponges, 66 

Sporosac of Oorynida, 73, 74 

Sqnamse of Aphrodite, 167 

Squids, 274, 276 

aquUla, 191 

Staggers of sheep, 146 

Statoblasts, 26, 288, 289 

StauridcB, 120 

atauridiay 75 

Steganodietyum, 68 

B^anopWMlmata {Medusae), 
84,93 

Stem-muscle, of Vorticella, 61 

Stemmata {see Ocelli) 

Stenasteryl^a 

Sientor,68 

SUp?iarwceros, 155, 157 

St^futnomiadoe, 84 

SterelmintTM, 147 

8tem(tspis,lB0 

Sternum of Crustacea^ 173, 
174 

SUcfiostega, 60 

Stigmata, of Physophoridce, 
82; of liceches, 163; of 
Arctchnida, 200 ; of InsedOy 
213 

Stolons, of Foraminifera, 47 ; 
of Composite AcUnozoay 
106 ; of Social Tunkata, 248 

8k>nugpoda, 177 ; characters of, 
191 

Stomatodendra, 92 

StrepsipterOf 226 

Slringocephalusy 247 

Strobila, of Rhizostomidce, 90 ; 
of Tceniaday 144 

ShronibidCBy 262, 266 

Strotnbus,265 

Slnphdlosiay 248 

j^rvphomenay 24S 

StrophomenidcB, 248 

Swarm-j^zes of Sponges, 67 

Swimmerets of Lobster, 174, 
176 

amuxpioyids 

*^mapticnl8B, 106 
SvnaptidcBy 136, 138 
Syndendrium, 93 



TabanidoBy 222 
Tabulae of Ck>rals, 104 
TtOmlatay 106, 119, 120 
Taeniada, 141 ; characters and 

development of, 142-146 
TcaUruSy 190 
Tank-worms, 163 
Tape-worms, 142-146 
TarcUgraday 200, 201 
Tubus of the limbs of Insects, 

210 
Tee^brhnchiatay 263, 267 



Tellinay 267 

TellinidcBy 266, 257 

Telson, of Ontstaeea, 172 ; of 

Lobster, 174; of LimuluSy 

187 ; of Scorpion, 203 
Tentacles, of IlydrOy 70; of 

CalycophoridcBy 80 ; of Phy- 

sophoridcBy 82 ; of MedusUUs, 

86 ; of Hydra-tuba, 89 ; of 

ilc^tnia, 100 ; ot AleyonariOy 

107 ; of Pleurobrachia, 111 ; 

of ffohthuroideoy 136, 137 ; 

of Polyzoay 236 ; of Tunicatay 

241; of Cuttle-fishes, 271, 

276, 276 
Tentaculitesy 168, 283 
Terdfella, 165 ; development 

of, 166 
Terebratellay 247 
Terebratulay 229, 247 
Terd>ratulidce, 24.7 y 250 
Tere^ratulinay 247 
TeredOy 258 
Terguniy of the ezoekeleton of 

Crustaceay 173, 174; of 

Arachniday 198 
TenicolUy 163 
Termites, 219; communities 

of, 219-221 
Test, of Foraminiferay 46, 47, 

48 ; of Echinoideay 124, 126 ; 

of TunicatOy 240 
TestacellGy 229, 267 
TetrdbranchicUa {CepIicUopo- 

da)y 274 ; characters of, 278 ; 

divisions of, 279; distribu- 
tion of, in thne, 284 
TeuthidcBy 276, 281, 284 
TTialassemaceay 160 
HuUassicollay 68, 64 
Thalassicolliday 53 
Theca of sclerodermic Coral- 

lum, 102 
Thecay 269, 283 
Thecaphoray 76, 78 
ThecidcBy 119 
T/iecididoBy 247 
Thecidiumy 247 
ITiecosomatay 269 
ThelyphonidoBy 203 
Thoracica {Oirripedia)y 177 ; 

characters of, 182 
Thread-cells, 67 ; of AcUnozoUy 

98 
Thread-worms, 141, 152 
Thysanuroy 217 
Ticks, 202 
Tongue, of Insects, 211; of 

OasteropodOy 259 ; of C^?ia- 

lopoday 271 
TomatelUXy 267 
Tornatellidcey 263, 267 
Tortoise Encrinite, 139 
ToxoceraSy 280 
Trachese, 170 ; of ArachnidOy 

200 ; of AfyriapodOy 206 ; of 

Insecta, 218 
Trachearia {Arachnida)y 200 
Traehydermay 168 
Trachynemay 87 
Trachynemidcey 87 
Transformation, 81 



I Trematis, 248 

Trematoday 141 ; general cha- 
racters of, 147 ; develop- 
ment of, 147; habitat of, 
148 

TremoctopuSy 281 ; reproduc- 
tion of, 273 

Triarthray 157 

Trichinay 162 

Trichocysts, 63 

TridacnOy 256 

TridcumidcBy 266, 256 

Trigoniay 256 

TrigoniadcBy 255, 266 

Trilobitay 177, 185; structure 
of the crust of, 186 ; distri- 
bution in time, 196 

Tritony 266 

Tritoniay 267 

TntoniadcSy 264, 267 

Trochocerasy 280, 282 

Trochoid shell of Foramini- 
feray 49 ; shell of Oastero- 
poda, 261 

Trochusy 266 

Trophi of Insects, 210, 212 

Trophosome, 26, 69 

Truncated shells, 230 

7\ibicolay 164 ; development of, 
165 ; distribution of, in time, 
168 

Tub^exy 164, 168 

Tubiporidcey 107 

Tubularia, 74, 76 

Tuhularida, 71 (see Corynida) 

Tubulosoy 105, 119, 120 

Tunicatay 282 ; characters of, 
240 ; respiratory process of, 
242; circulation of, 242; 
reproduction of, 243 ; homo- 
lo^leB of, 243 ; divisions of, 
243; distribution of, in 
space, 249 ; in time, 249 

Tunics of Ascidians, 240, 241 

Turbellariay 141; characters 
of, 148 ; divisions of, 148 

Turbinated shells, 261 

TurbinidcBy 263, 266 

TurbOy 266 

TurrilepaSy 196 

TurriliteSy 280, 281, 282, 284 

Turritellay 266 

Turritellidcey 263, 266 

TylenchuSy 153 

l^lodinay 267 

l^e, morphological, 13 



TJmbilicated shell of OaaUro- 

poday 261 
Umbo, 252 
Umbrellay 267 

Umbrella of LucemaridOy 87 
UniOy 266 
UnionidcCy 266, 256 
Urasiery 130, 140 



Vacuoles, of Protozoay 44 ; of 

Infusoria, 60 
VaginicolOy 63 
Vaginulus, 267 
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Vafrata. 266, 283 

Varices 2«)1 

Velella, S^i 

Velellidce, 84 

Velum, of gonocal3'ce3, 74 ; of 
nectocalyces, 80, 84, 85 

Venericke, 256, 267 ; (Ustaribu- 
tion of, in time, 283 

VmerupiSy 257 

Ventriculites, 68 

Venusy 257 

Vermetus, 261, 266 

Verrucidce, 177, 182 ; distribu- 
tion of, in time, 196 

Veaicle, contractile, of Pro- 
tozoa, 39 ; of Amceba, 44 

Vesicles of Medusce, 86 

Vespidce, 224 

Vibracnla, 236 

Vibrios, 33, 35 



Virgularia, 108 

Voluta, 266 

Volutidoe, 262, 266 

Vorticella, 60; gtmcture of, 

61 ; reprodnction of, 62 
Vorticlava, 72 



Waldheimia, 247 

Water- vascular system, of An- 
nuloida, 121 ; of Echitwidea, 
126 ; of Asteroidea, ISO ; of 
Ophiuroidea, 131 ; of Crin- 
oidea, 186 ; of JSoloihuroidea, 
136, 137 ; of Scolecida, 141 ; 
of Toeniada, 142 ; of Trema- 
toda, 147; of TurbeUaria, 
148 ; otA€an&u>ceph€Uaf 151 ; 
of Nematoideay 162 ; of Ro- 
tifera, 166 



Webstena, 119 



Xanthidia, 68 

Xiphomra, 187 ; characters of, 

187; distribution of, in 

time, 196 
Xylobiut, 208 
Xylophaga, 268 



ZoaiUAorta, 99 ; Malacoder- 
mata, 99, 110, 119 ; ^Sc/tvo- 
6a«ca, 101, 109, 119 ; Schro- 
dermatat 104, 110, 119 

ZoanthidcBt 101 

Zoanthusy 102 

^<>ea, 196 

Zonites, 288 

ZoSid, 24, 68, 69 
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